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SUMMARY OF RESULTS. 



Location. — The Sunset-Midway oil field, in 
Kern County, Calif., lies at the south end of San 
Joaquin Valley and embraces the eastern foot- 
hills of the Coast Ranges and the northern 
foothills of the San Emigdio Mountains, which 
connect the Coast Ranges with the Sierra 
Nevada. The r^on is semiarid, and, as most 
of it is valueless for agriculture, it is inhabited 
almost wholly by those who have been brought 
in by the petroleum industry. 

Geology. — Granitoid rocks, part of the batho- 
lith of the Sierra Nevada, together with vari- 
ous schists, ci:ystalline limestones, and other 
metamorphic rocks — the remnants of the rocks 
into which the granite was intruded—form the 
foundation upon which rest the Tertiary sedi- 
mentary formations. The granitoid rocks are 
probably of late Jurassic age, but the age of 
the metamorphic rocks is xmknown. These 
old rocks crop out in only a small area, for in 
most of the district they are buried under a 
thick cover of Tertiary and later sedimentary 
beds. Cretaceous rocks are not exposed, but 
they probably underlie a small part of the 
north end of the district, beneath the Tertiary 
rocks. 

The Tertiary formations are at least 18,000 
feet thick. They range in age from Eocene to 
late Pliocene and are in the main composed of 
poorly consolidated sands, gravels, and clays, 
but in the central part of the section there is a 
formation (of Miocene age) about 4,800 feet 
thick composed largely  of the remnants of 
diatoms (siliceous marine plants of minute size) . 
This formation is the one in which the petro- 
leum originated and in or about which the 
commercial accumulations of oil are now found. 

Sedimentation was not continuous through- 
out Tertiary time, for there are numerous 
unconformities in the Tertiary section; but 
most of the periods of erosion to which these 
unconformities correspond were short, and 
during many of them only a relatively small 
part of the region was undergoing erosion. 
Most of the Tertiary b^ds were laid down in 



marine waters, but a considerable part of even 
the older Tertiary material was laid down on 
the surface of the land or in fresh-water lakes. 
The youngest marine sedimentary beds are of 
late Miocene or Pliocene age, the more recent 
formations being composed wholly of terrestrial 
or lacustrine beds that were deposited under 
conditions similar to those now existing in the 
region. 

Volcanism was rare dming the Tertiary 
period, and only in the San Emigdio Mountains 
are there outcrops of Tertiary igneous rocks. 
These rocks, which are basaltic and andesitic 
flows and tuffs, are only a few hundred feet 
thick. 

The structure of the district is complex. 
The foothills of the Temblor Range, in the 
western part, are closely folded after a fashion 
similar to that of other parts of the Coast 
Ranges; the San Emigdio Moimtains are 
broken by innumerable faults. 

In the central part of the Temblor Range 
the beds are closely folded and even crumpled, 
but in the outer hills the folds are fewer and 
more open, and in the outermost foothills 
along the border of San Joaquin VaUey the 
folds are broad and open and extend from the 
main range into the valley. It is about these 
obliquely trending fold^ that the petroleum 
has accumulated. There are very few faults 
in this western part of the region. 

The chief line of fracture in the San Emigdio 
Mountains is the San Andreas fault, or ^^earth- 
quake line," as it is commonly known, which 
passes through the central part of the moun- 
tains. Movements along this line have been 
profound. The other faults in the San Emigdio 
Mountains fall into two classes — those trending 
between N. 40° W. and N. 75'' W. and those 
trending between N. 45° E. and due east. 
Along some of these faults the movement has 
been great, though not so great as along the 
San Andreas fault. 

Production of oil. — The deposits of asphalt 
and seeps of oil in this region were known to 
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the earliest settlers, but not until, the late 
eighties was any attempt made to mine either 
oil or asphalt, and the real development of the 
oil field did not commence until 1900. Up to 
January 1, 1918, the field had produced more 
than 2,827,900,000 barrels of oil. 

The largest well in the field was well No. 1 
of the Lakeview Oil Co., which flowed for 18 
months and is said to have produced more than 
8,000,000 barrels of oil and to have had a 
maximum daily production of about 65,000 
barrels. 

A lai^e number of wells produced oil, when 
first drilled in, at a rate of several thousand 
barrels daily. These wells are chiefly those in 
the parts of the field where the oil sands lie 
deep, although in places big wells have been 
obtained at a distance no greater than half 
a mUe from the outcrop, the oil coming from a 
depth of less than 1,200 feet. In July, 1917, 
thedaily yield of the average well was 54 barrels. 

The oil ranges in gravity from less than 11° 
Baiun6 (specific gravity, 0.9929) near the out- 
crop to 31** or 32® Baum6 (specific gravity, 
about 0.8641) in the part of the field where the 
oil comes from great depths. The average grav- 
ity of the oil obtained from the sands near the 
ovtcrop is between 14® and 18® Baum6 (specific 
granty, 0.9722 to 0.9459); that of the oil 
obtained in the Buena Vista HUls and other 
parts of the field where the sands lie deep is 
21® to 28® Baum6 (specific gradty, 0.9271 to 
0.8860). The oil normally carries but little 
gasoline, the proportion distilling at a tempera- 
ture of less than 150® C. being usually less than 
4 per cent. 

In the Buena Vista Hills the beds lying 
above the oil-bearing sands contain "dry'* 
gas under heavy pressiure, commonly as much 
as 1,000 pounds to the square inch and in one 
well reported to be more than 2,000 potmds to 
the square inch. 

Five 8-inch pipe lines serve the field, and the 
maximum capacity for all is about 145,000 
barrels daily. Two lines take gas from the 
field, one to Bakersfield and the other to 
Los Angeles. 

Gasoline is ''squeezed" from the gas at a 
ntunber of plants in the field, and the average 
amoimt recovered in 1916 was between 1 and 3 
gallons from 1 ,000 cubic feet of gas. 

Most of the recent deep drilling, (1916) has 
been done by a combination of the rotary and 
standard methods, the water string being set 



in a hole drilled with rotary tools and the well 
being finished with standard tools. Most wells 
drilled near the outcrop are drilled with 
standard tools, as are also some of the deep 
wells. A few companies drill the entire hole 
with TotBxy tools, but fortunately this custom 
is becoming less popular than formerly. 

The productive wells range in depth from 
about 500 feet in the western part of the field, 
near the outcrop, to more than 3,500 feet in the 
eastern part . 

The cost of drilling varies greatly, but in 
1914 a price commonly paid to contract rotary 
drillers for drilling to the pomt where water 
was shut off was $4.50 a foot of hole. 

Up to the end of June, 1917, more than 2,200 
wells had been drilled in the Sunset-Midway 
field, and on that date 1,840 were prodiicing. 

Geologic occurrence of petroleum. — ^The pe- 
troleum has originated in the diatomaceous 
shale formations, chiefly from the alteration of 
organic matter contained in diatoms and f ora- 
minifers, but probably in part also from the 
alteration of terrestrial vegetal debris. 

Some of the oil now contained in the produc- 
tive pools has originated in the part of the 
region in which these pools occur, but much 
of it has been formed in the shale that lies 
beneath San Joaquin Valley. Th^ oil has 
migrated from the beds beneath the valley to 
the foothills and collected in the small anti- 
clines that extend from the hills out into the 
valley. 

The reservoirs from which the wells derive 
their oil are chiefly the late Tertiary (Miocene 
or Pliocene) sandy beds that rest xmconform- 
ably upon the diatomaceous shale. Sandy 
lenses within the shale yield a small proportion 
of the oil. 

The oil-bearing beds in the late Tertiary 
sequence are feebly consolidated coarse and 
fine sands that range in thickness from a few 
feet to a few hundred feet. These beds crop 
out in the foothills of the Temblor Range, and 
their line of outcrop marks the western limit 
of the main productive field. Toward the 
east the productive oil sands are buried pro- 
gressively deeper beneath the surface. In the 
eastern part of the field the productive sandSi 
which are usually 10 to 50 feet thick, are inter- 
spersed with barren beds of equal thickness 
through a section 600 to 800 feet thick. Near 
the outcrop the total thickness of the zone 
containing oil sands is rarely more than 200 or 
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300 feet, but the portion of it composed of oil 
sand is greater there than in the parts of the 
field where the sands lie deeper. 

The sands impregnated with oil bear a fairly 
constant relation to the diatomaceons shale, 
the richest sands lying close to the contact 
with that shale, "niese oil-bearing beds are, 
however, not of the same age throughout the 
fields for the formation of which they are a part 
rests imconformably on the shale, and younger 
beds abut against the shale in the western part 
of the field than in the eastern part. 

The oil has evidently moved chiefly through 
the lowest part of the formation that rests 
upon the diatomaceous shale, as these beds are 
fairly porous and offer less resistance to the 
movement of the oil than the shale. The 
movement is therefore chiefly parallel to the 
plane of unconformity — that is, to the top of the 
shale. Near the outcrop, either by fraction- 
ation or by reaction with alkaline water, the 
oil becomes very viscous or tarry and seals 
more or less completely the beds through which 
the oil is moving. When this avenue of escape 
to the surface is closed the oil moves out from 
the plane of unconformity through the more 
porous of the beds in the formation that rests 
upon the shale. The movement of the oil in 
this manner is rendered easy by the fact that 
the younger formation was laid down in a 
transgressing sea and the different beds in it 
abut against the shale just as horizontal layers 
of sand held in a huge bowl would rest against 
the sides of the bowl. The distance that the 
sands which extend out from the unconformity 
are filled with oil is variable, but each sand be- 
yond the point at which it contains oil is 
filled with water. 

When viewed in cross section the arrange- 
ment of the oil sands near the outcrop may be 
compared to a branch from one side of which 
a number of parallel twig^ extend, the oil sands 
along the imconformity being the branch and 
the oil sands in the formation that rests upon 
the diatomaceous shale the twigs. 

Along the anticlines that are separated by 
synclines from the outcrop of the oil sands the 
oil has collected in sands that lie some distance 
above the plane of unconformity. This oil has 
evidently moved vertically through the lentic- 



ular sands. In any sand that contains oil and 
gas in these outer anticlines there is a notable 
tendency for the gas to occupy the higher 
parts of the fold and the oil the lower parts or 
saddles of the same fold. In the outer anti- 
clines dry gas has collected 200 or 300 feet 
above the oil. 

In parts of the field where the oil is buried 
more than 2,000 feet a zone of tar-filled sand 
lies less than 1,000 feet below the surface. 
This zone is believed to mark the place where 
the upward-moving hydrocarbons have met 
and been oxidized by surface waters. The 
evidence indicates that these hydrocarbons 
have moved more or less vertically through 
the intervening 2,000 feet of beds. They were 
probably in a gaseous state. 

The gravity of the oil varies with the grain 
of the sand, the oil being lighter in the fine* 
grained beds; with the distance from the out- 
crop; with the relation of the oil to mineral- 
ized water, the oil in contact with water of 
certain types being tarry; and with the posi- 
tion on the fold, the oil being lighter on the 
higher parts of the anticline. 

The pressure under which oil and gas are 
now contained in the sand probably affords no 
measure of the pressure that caused them to 
accumulate. The hydrocarbons have prob- 
ably changed since they first entered the sand 
they now occupy, both viscous material that 
sealed reservoirs and lighter portions that 
increased the pressure of the hydrocarbons 
contained in the pool being formed. 

The tarrification of the oil is caused chiefly 
by the addition of sidphur derived from the 
sulphate-bearing surface waters. In places 
this same reaction has caused the formation 
of deposits of sulphur. 

Oil sands and water sands are interdigited, 
and neither the water nor the oil can be con- 
sidered as indigenous to the bed in which it is 
now found . Furthermore, analyses of the fluids 
now contained in the various sands do not 
indicate directly the character of the fluids 
those sands originally contained, for both oil 
and water have been altered by chemical re- 
action that involved them both or involved one 
of them and certain solid minerals contained 
in the sediments. 
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THE SUNSET-MIDWAY OIL FIELD, CALIFORNIA. 



' Part I. GEOLOGY AND OIL RESOURCES.^ 



By Robert W. Pack. 



INTRODUCTION. 
FUBPOSS OF THE BXPOBT. 

During the last year or two, and especially 
since the entrance of the United States into 
the war, a large amount of earnest considera- 
tion has been given to the problem of the 
available supply of petroleum, for so many of 
the industries of the coimtry and so many of 
the devices used in carrying on the war are 
dependent upon petroleum and its products 
that it became of the greatest importance to 
know to just what extent we might rely upon 
the resources of our own country to supply 
these demands. Many estimates of the quan- 
tity of oil remaining available have been made, 
and, as is natural, a variety of conclusions as 
to the exact amount have been reached; but 
without exception these estimates show that 
the known supply is relatively small compared 
with the present demand, and especially small 
compared with the even greater demand that 
it appears certain is to be made upon this 
supply in the near future. The petroleum 
deposits of the United States are wonderfully 
rich, a vast quantity of oil has been taken from 
them, and an even greater amount still remains 
to be taken; yet, if the next generation is not 
to fed the pinch of the dwindling supply, the 
present generation must use all due care so to 
handle these deposits ad to' permit the least 
possible waste. 

For a long time the general public refused to 
believe that the supply of oil was other than 

> This report on the Buiuet-MidWBy field is published In two perts. 
Part I (ProfesskniEd Pftper 116), by R. W. Pack, describes the general 
gedogy <rf the Sunset-Midway region and the development and under- 
ground conditions in.the productive field and discusses also the! origin 
and migration of the ofl. Part II (Pntfessional Paper 117), by O. 8. 
Rogers, contains analyses of the oU, gas, and oil-field waters and a dis- 
cussion of their composition in relation to their geologic occurrence; 
some figures on the geothermal gradient; and a brief discussion of the 
invasion of ofl sands by water. 



inexhaustible, and even many t)f the men who 
were actively engaged in the production of 
petroleum paid little attention to the question 
of the total supply but were content if their 
production satisfied the daily demands made 
upon them. The pronounced rise in the price 
of gasoline in 1915 was, however, too apparent 
and affected directly too many people to pass 
unnoted. A number of possible causes for 
this abrupt rise have been suggested, but what- 
ever may have been the immediate causes, one 
effect has been that the attention of the people 
has been called in no unmistakable manner to 
the fact that the supply of petroleum is really 
limited, and that sooner or later the price of 
gasoline and of all other products of petroleum 
is sure to rise. 

So long as the limited nature of the supply 
of petroleum was not appreciated it was not 
possible to do anything toward conserving 
this supply, but now that the fact is becoming 
more and more widely accepted that sooner or 
later the world must get along somehow with 
a greatly reduced supply of petroleum many 
things that were before considered impractica- 
ble are being done, and the producers of petro- 
leum are giviug earnest thought to the con- 
servation of the oil — ^not by locking it up for 
the use of the next generation, but the true 
conservation that consists of utilizing to the 
utmost, without waste, that which the country 
possesses. 

Within the last decade great changes have 
been made in the methods of handling oil. 
The mechanical devices and methods of drill- 
ing, of transporting, and of refining have been 
so greatly improved that oil may now be pro- 
duced and taken to the ultimate consumer in a 
much more efficient manner than formerly. 
Yet in many and perhaps in most fields the 
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methods of production leave much to be de- 
sired, for no systematic effort is made to use 
the mass of data furnished by the wells or to 
weave together these data into a picture show- 
ing the underground conditions, which may 
be used in the guidance of future drilling. No 
matter how efficient the mechanical work of 
drilling or of producing oil may be, it is im- 
possible to recover the maximum amount of 
oil, or even to produce oil efficiently, unless the 
underground conditions are clearly understood. 
Lack of knowledge of the underground condi- 
tions is in the long run vastly more productive 
of waste than faulty methods of drilling or of 
production. 

Of course much of the ignorance of mider- 
ground conditions is unavoidable, for in the 
very nature of things the drillers of the first 
well in a new pool must go ahead more or less 
blindly; but with the information derived 
from this first well and from each succeeding 
well, drilling in that pool should become less 
and less a matter of faith and more and.more 
an exact science. The determination of the 
position of the top of the producing zone, 
important as such a determination may be, 
is the least part of the work, for to be of real 
value the study of the well data should show 
the position of each oil sand within the pro- 
ductive zone, and, what is in many places of 
even greater significance, the position of each 
water sand. It should show the character of 
the productive oil sands, the position and 
character of the strata in which water may be 
shut off, the position and character of the gas 
sands, and a multitude of other like facts. 
Then as the natural conditions — ^that is, the con- 
ditions existing before drilling commenced — 
become better and better known it becomes 
possible to understand the nature of the con- 
ditions produced when the movement of the 
fluids is interfered with by the wells that are 
drilled, and to predict in a measure the probable 
life of a well or its rate of decline, the direction 
and rate of movement of water, (^he probable 
production of new wells^ and other like features. 

In order that this resxilt may be attained 
and that each new well in a field may not be 
a special and isolated venture, it is necessary 
that a systematic record be kept of the data 
furnished by the wells, and that the geologic sig- 
nificance of these data be interpreted by some- 
one competent to make such interpretations. 
Moreoverj it is particularly important that 



this study should be extended over the whole 
pool, not confined to a part of it, for a general 
study of the field brings out features that are 
not at all apparent in a study restricted to a 
small area, and features which appear at first 
sight to be quite unusual and which lead to 
the supposition, of unique and special condi- 
tions are found when the full story is known 
to accord fully with the accepted theories. 

Viewed in a broad way the petroleum in- 
dustry may be divided into three major 
parts — one concerned with the search for pro- 
ductive pools, another with the draining of 
these pools, and the third with the handling 
of the oil after it has reached the surface. 

It is commonly supposed that the geologist 
is concerned with only the first of these prob- 
lems, and that once the position of the new 
field is pointed out his duties are ended. But 
in reality the efficient handling of any pool 
depends upon the geologist as much as upon 
the engineer or the well driller, especially such 
pools as those which occur in the feebly con- 
solidated sedimentary beds of the Tertiary. 
The proper interpretation of the well records 
and the correlation of these data with the 
areal geology depend upon the geologist more 
than upon anyone else, and his work should 
afford the comprehensive picture of the under- 
ground conditions that is so essential to the 
petroleum operator. 

The search for new pools, which is to-day 
occupying the full attention of most of the 
petroleum geologists of the coimtry, will 
become increasingly keen as the production of 
oil decreases and the demand continues to 
increase, but the geol(^ist will in the future 
render his chief service to the petroleum in- 
dustry through intensive studies of the pro- 
ductive fields, made for the purpose of aiding 
in the efficient extraction of the oil. 

During the last 18 years the United States 
Greological Survey has been carrying on an in- 
vestigation of the petroleum resources of Cali- 
fornia, having examined not only practically 
all the major productive field but also several 
large areas that offered some promise of yield- 
ing oil, the attempt being made to precede 
drilling and to outline those areas which were 
of greatest prospective value. The results of 
much of this work have been set forth in a num- 
ber of published reports. The reports that are 
concerned with the productive fidds present as 
full a discussion of the under^n^und conditions 
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as was justified by the data obtained from the 
drilling done up to the time the fields were 
examined. 

The present report is twofold. In the first 
place the geology of the general area of which 
the productive fields constitute a small part is 
described; then into this setting are fitted the 
intimate details of the geology of the produc- 
tive areas as interpreted chiefly from a study 
of the records of the wells. The interpretation 
of the geologic conditions in the productive 
fields is based on the data made available by 
dj-illing that had been done prior to July, 1916. 
It is not presented as a completed picture ac- 
curate in all its details; in the very nature of 
things it can not be that. It is presented, 
however, as an interpretation that may serve 
as a framework into which to fit other data 
that may become available from time to 
time, and it shoidd thus serve in the guidance 
of future work. The writer has taken the op- 
portunity of giving also certain data and con- 
clusions which will be of interest to the student 
of the geology of the Coast Ranges if not to the 
oil man, as well as data regarding the produc- 
tivity and rate of exhaustion of oil sands and 
the interference of weUs, which will be of in- 
terest to the engineer if not to the geologist. 

LOCATION 07 THE IISLD. 

The Sunset-^Gdway oil field lies in the west- 
em part of Kern Coimty, Calif., about 40 miles 
sou^west of the city of Bakersfield. It ex- 
tends over part of the northeastern flank of the 
Temblor Range, over the outlying foothills 
ranges known as the Buena Vista and Elk 
hilb, and over a portion of the western border 
of the almost level floor of the San Joaquin Val- 
ley. The location of this field and of the other 
principal oil fields in California is shown on 
the index map (fig. 1). The region shown on 
the geologic map (PI. II) covers not only the 
productive oil field, but also a considerable 
part of the northern slope of the San Eniigdio 
Mountains, which lie southeast of the oil field 
and in which rocks that lie stratigraphicaUy 
below the oil-bearing measiu'es are exposed. 
The productive field is shown in detail on Plates 
I, m, and XLin. 

Most of the hilly part of the area shown on 
the geologic map (PI. II) and also a large part 
of the floor of San Joaquin Valley immediately 
adjacent to the hills is unsuited for agriculture, 
and except for a few settlers who are dry farm- 



ing in the western. part of the San Emigdio 
Mountains and for the workers on the San Emig- 
dio ranch this part of the region is inhabited 
only by those who have been brought there by 
the petroleum industry. The chief settle- 
ments in the Sunset-Midway field are Maricopa, 
Taft, and Fellows. At the north end of the 
area shown on Plate II is McKittrick, which is 
the railroad shipping point for the McKittrick 
oil field. 

The Sunset-Midway field is served by the 
Simset Railroad, which is operated jointly by 
the Southern Pacific and the Atchison, Topeka 
& Santa Fe and joins the main lines of tixose 
roads at Bakersfield, from which the distance 
is 315 miles by rail to San Francisco and 170 
miles to Los Angeles. A branch line t)f the 
Southern Pacific connects Bakersfield and 
McKittrick. Numerous auto stages are run 
between Taft and Maricopa and Bakersfield, 
and between Taft and the coast at Los Angeles 
and Pismo. 

Excellent roads connect Taft and Maricopa 
with Bakersfield and with the State highway 
that runs up San Joaquin Valley and over the 
Tehachapi Mountains to Los Angeles. A net- 
work of excellent, poor, and indifferent roads 
extends through the oil field and along the 
western edge of the valley to and beyond 
McKittrick. 



San Joaquin Valley, at whose south end lies 
the Sunset-Midway oil field, forms the southern 
half of the structural depression that occupies 
the central part of California and extends from 
the Klamath Mountains, near the north line 
of the State, to the San Emigdio and Teha- 
chapi moimtains. On the east the vaUey is 
bordered by the Sierra Nevada, which rises 
gently, almost imperceptibly at first, through 
a broad belt of foothills to lofty snow-capped 
summits. On the west are the Coast Ranges, 
which, though far lower than the Sierra Nevada, 
for the most part rise more abruptly from the 
plain and mark the valley's edge more sharply. 
On the south San Joaquin Valley is limited by 
the San Emigdio and Tehachapi mountains, 
which in places rise more than 7,000 feet above 
the valley within a distance of only 10 miles 
from its edge. These mountains join the 
Coast Ranges with the Sierra Nevada and 
form a rugged moimtain barrier between San 
Joaquin Valley on the north and the Mohave 
Desert on the south. 
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South of San Francisco the Coast Ranges 
occupy the region lying between San Joaquin 
VaUey and the oceanl They comprise a num- 



erly than the mountainous area as a whole and, 
cutting across it, run out into San Joaquin 
Valley. On account of this oblique arrange- 
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FiGUBB 1.— Index map of a part of California ahowixig oil flelda descril)ed in published reports. 



ber of approximately parallel ranges separated 
by structural valleys of variable width. The 
individual ranges trend some'what more east- 



ment of the individual ranges the . western 
border of San Joaquin Valley is formed not 
by a single range but by two, the Diablo and 
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Temblor ranges. On the eastern flank of the 
Temblor Range^ the more southerly of the two, 
lies the Simset-Midway field. 

This range extends, as an elongated mass, 
from the vicinity of the north line of Kern 
County southeastward some 70 miles to Sun- 
set, where it joins the eastward-trending San 
Emigdio Mountains. For the most part the 
south end of the Temblor Range presents no 
very striking topographic featiu'es, and as seen 
from the central part of the valley it appears 
to be no more than a group of low, fairly evenly 
rounded, barren hills. The average altitude of 
the crest of this part of the range is a little over 
3,000 feet above sea level, or between 2,000 
and 2,500 feet above the valley floor at the 
edge of the hills. The maximum altitude, 
3,65 1 feet, is reached in Midway Peak. Through- 
out its length the Temblor Range proper is 
narrow, being in few places more than 10 miles 
across. Near the south end, however,, two 
groups of low hills project eastward into San 
Joaquin VaUey and^ together with the main 
range, form a belt of hilly land almost 20 miles 
in width, lying between San Joaquin Valley 
and the Carrizo Plain, the structural depres- 
sion that limits the Temblor Range on the 
southwest. These two foothill ranges, the 
Buena Vistai and Elk hills, are separated from 
the main range and from each other by broad, 
gently sloping valleys covered with gravelly 
wash from the hills. 

Although the lai^er features of the topog- 
raphy are broadly rounded, the smaller fea- 
tures are sharply scidptured, the drainage 
courses being deeply cut and the canyon sides 
in places standing at slopes of 40^ or steeper. 
The hills are so bare of vegetation that even 
the minute featiures of the sculpture are readily 
visible and stand out strongly in the oblique 
light of early morning or late evening. 

One of the most notable features in the topog- 
raphy of this area is the remarkable control 
exercisfed by the geologic structure. All the 
principal hill groups are formed by structural 
-uplifts, and the Iwpoad valleys between by struc- 
tural depressions. Thus the main Temblor 
Range is broadly anticlinal, being an assem- 
blage of close folds whose general effect has 
been a doming of the strata; the Buena Vista 
Hills and the Elk Hills are also the topographic 
expression of anticlinal structure; and the 
gently sloping Midway and Buena Vista val- 
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leys, which lie between the different hill groups, 
outline the position of the downward-arching 
folds. Not only do the laiger topographic 
units reflect the major structural features, 
but even the position of the smaller \mits is 
determined by the lesser features, as. is well 
shown in the northern part of the Buena Vista 
Hills, where, instead of a single ridge, a collec- 
tion of low, approximately parallel ridges 
faithfully outline the position of the numerous 
small anticlinal folds that together form the 
general anticline. 

The topographic reflection of the broader 
structural features is quite as strongly shown 
in the San Emigdio Mountains as in the 
Temblor Range, for the San Emigdio and the 
Tehachapi mountains constitute essentially 
a fault block that has been uplifted with respect 
to the valley on the north. Within the San 
Emigdio Moimtains, however, the structure 
is so complex that, except for the San Andreas 
fault, no one feature dominates sufficiently 
to be as strongly reflected in the topography 
as the lesser features in the T^nblor Range. 
In consequence the difference in the lithology 
of the rocks plays a much greater part in 
determining the form of the surface here, 
and the most prominent topographic feature 
is the change from the abrupt and rugged slopes 
of the higher hills, formed of the resistant 
crystalline rocks, to the broadly rounded 
slopes of the foothills, formed of the softer 
Tertiary sedimentary rocks. Parts of the low 
foothills, particularly those formed of the 
coarse gravelly beds of the upper Miocene, 
have been carved into typical badlands, and of 
such a nature are most of Wheeler Ridge and 
the low hills near the mouths of Salt and 
Tacuya creeks. A good example of badland 
erosion of this type is shown in Plate V. 

CLIMATE AND VEGETATION. 

The climate of the south end of San Joaquin 
Valley is semiarid, the rainfall rarely exceeding 
10 inches a year and the average being about 
6 inches. The Temblor Range is much lower 
than the ranges west of it, and in consequence 
the moisttu*e that travels eastward from the 
ocean and passes over the mountains lying 
close to the coast is not halted by the Temblor 
Range but is carried across San Joaquin 
Valley and precipitated as snow or rain in the 
upper slopes of the Sierra Nevada. Thus the 
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precipitation on the eastern slope of the 
Temblor Range is far too small to support 
perennial streams. Most of the stream valleys 
carry water during only a few days in the 
winter, and many for only a few hours follow- 
ing heavy rains, for the vegetation is so scant 
on the hills that but a small proportion of the 
rainfall is held in the ground. 

The San Emigdio Moimtains rise to altitudes 
of over 7,000 feet, and in many years the higher 
portions are snow covered from November 
until May. Both Santiago and San Emigdio 
creeks, which drain the higher parts of the 
west end of these mountains, carry r unning 
water throughout the year. Practically all 
the normal flow of San Emigdio Creek is now 
used for irrigation, but doubtless some day 
the flood water will be stored and a much 
larger acreage in the valley watered. The 
deeply intrenched canyon in the lower 3 miles 
of the course of San Emigdio Creek offers an 
excellent reservoir site for the impounding of 
these waters. The water of Santiago Creek 
contains too large an amount of mineral salts 
to be serviceable for irrigation, and, moreover, 
the flow during the summer months is very 
small. Buena Vista Lake is an artificial lake 
whose, water is used for irrigating the San 
Joaquin Valley lands north of the Elk Hills. 
The water is not potable. 

,Tbd eastern flank of the Temblor Kange 
and the outlying foothill ranges support no 
trees other than those that have been planted 
about the different camps and carefully 
watered, the natural vegetation being limited 
to small shrubs and a sparse growth of grass 
which serves as winter feed for sheep. The 
higher portions of the San Emigdio Moimtains 
are covered by small pine, oak, and juniper, 
and on the lower slopes grass grows suffi- 
ciently thick to make a good range for cattle. 
Heavy localized storms or cloudbursts are 
not at all uncommon in the San Emigdio 
Mountains. These storms have at several 
places torn trees and soil alike from the steeper 
slopes, leaving great brown scars of barren 
rock that may be seen for miles and canying 
huge masses of rock and trees for great dis- 
tances, in places far out into the vaUey 
(See PI. VI.) 

nXLD woxx Ajsm acxnowlxdgments. 

The^field work upon which this report is based 
extended over a number of years, for different 



parts of the area were examined independently, 
some for one immediate purpose and soiae for 
another. All the work, however, formed a 
part of the general scheme that the purvey has 
been following in an examination of the petro- 
leum resources of California. 

The areal geology of the north flank of the 
San Emigdio Moimtains was mapped in 1911 
and 1912 by the writer, with the assistance 
during the first season of A. T. Schwennesen 
and during the second season of K. G. Davies. 
Similar work had been done in the Temblor 
Range in 1908 by Ralph Arnold and H. R. 
Johnson, and the results were published in 
1910.* This work in the Temblor Range was 
chiefly in the nature of a reconnaissance, and 
in consequence many parts of the area, par- 
ticularly the outlying foothills, were not ex- 
amined in the detail of which later develop- 
ments have shown them worthy. A more 
detailed examination of the foothills of the 
main Temblor Range and of the Buena Vista 
and Elk hills was therefore made by the 
writer in the summer of 1914. During the 
same year a small area near Pattiway, in the 
west end of the San Emigdio Moimtains, was 
mapped by the writer with the assistance of 
W. A. English and Wallace Gordon. 

The writer has found no occasion to alter 
the chief geologic conclusions expressed by 
Arnold and Johnson in the preliminary re- 
port of the geology of the Temblor Range, 
but he has been able to correct some minor 
ones and to add a very considerable amount of 
detail that is of prime importance in the in- 
tensive study of the imdergroimd conditions 
in the productive fields. 

During the summer of 1914 and a couple of 
weeks in the fall of 1916 the writer collected a 
great mass of detailed information regarding 
underground conditions. Through the hearty 
cooperation of the operators, logs of practic- 
ally every well drilled up to July, 1916, in the 
Sunset and Midway fields were obtained, as 
were also detailed maps, records of produc- 
tion of individual wells and of groups of wells, 
gravity cuts, and samples of oil sand, of oil, 
and of water. Indeed the mass of data has 
been so great and its character so varied that 
its proper assimilation has been no small task. 
During 1914 6. S. Rogers was in the field with 
the writer investigating the geolc^c relations 

1 Prdliidiiary report on the HcKIttrlck-Stniaet oil regkm, CaMf.: XT. 8. 
GeoL Survey Bull. 4X», 1910. 
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of oil and water. Much of the information 
pertaining to the development work in cer- 
tain parts of the field wte collected by him. 

To his collea^es on the Survey, particu- 
larly to those who are engaged in the study of 
oil fields in other p.arts of the United States, 
and to Mr. M. K. Campbell; imder whose 
direction the work was started, the writer is 
indebted for many helpful criticisms and 
suggestions. 

It is with a feeling of genuine pleasure that 
the writer finds an opportunity of expressing 
his appreciation of the hearty cooperation 
extended to him in his ^ork by the operators, 
and of their evident effort to make his stay in 
the field both profitable and pleasant. To 
name all who have so assisted would moan the 
construction of a Ust of almost all those en- 
gaged in the development of the field, and of 
that space here will hardly admit. But to the 
following the writer is especially indebted: 
Messrs. M. E. Lombardi, G. C. Gester, E. G. 
Gaylord, F. B. Tough, Dr. E. A. Starke, R. A. 
Stoner, Capt. William Matson, P. M. Paine, 
Thomas Engston, T. A. O'Donnell, F. W. 
Fuqua, John Gourlay, . E. O. Faulkner, F. C. 
Ripley, Capt. John Bameson, A. L. Weil, B. E. 
Parsons, and R. E. Sperry. 

Through the courtesy of the officers of the 
Kern Trading & (Ml Co. the writer is able to 
present the topographic map of the Sunset- 
Midway oil field that accompanies this report 
(PL I). That map has been compiled from a 
top(^aphic atlas made by the company for 
its own use in the field. 

BIBLIOaKAPHT. 

The following is a list of the more important 
papers describing the geology or the occur- 
rence of petroleum in the Sunset-Midway oil 
field: 

1868. CroniBe, T. F., The mineral wealth of Calif omiA, 
696 pp. Brief mention is made (pp. 117, 118) of 
the oil Beeps about Sunset. The description of 
the work done southeast of "Buena Vista Lake*' 
and the shipment of several thousand gjJlons of 
oU to San Francisco evidently has reference to the 
operations about what is now the McKittrick field. 

1894. Watts, W. L. , The gas and petroleum yielding forma- 
tions of the central vaUey of Calif omia: California 
State Min. Bur. BuU. 3, 100 pp., maps, plates, and 
figures. Contains a careful description of the de- 
velopment work that had been done in the Sunset 
field up to 1894, gives the logs of most of the wells 
at Old Sunset, and the analyses of water from 
several of these wells. 



1900. Watts, W. L., Oil and gas yielding formations of 
California: California State Min. Bur. Bull. 19, 
236 pp., maps, plates, and figures. Contains a* 
discussion of the geology of the productive fields 
in California, detailed descriptions of the develop- 
ment, and a general discussion of the geologic 
range of the oil-bearing formations in California 
and of the relation of structure to the occurrence 
of petroleum. 

1903. Eldridge, 6. H., The petroleum fields of Califomia: 
U. S. Geol. Survey Bull. 213, pp. 306-321. Con- 
tains a brief outline of the geology of the Midway 
and Sunset fields. Eldridge correlated with the 
San Pablo formation the poorly consolidated sand- 
stones and clays that overlie the siliceous shale of 
the Monterey group. 

1903. O'Neill, Edmond, Petroleum in California: Am. 

Chem. Soc. Jour., vol. 25, pp. 699-711. Gives 
analyses of various California oils, two from the 
Sunset field among them . 

1904. Cooper, H. N., Chemical analyses of California 

petroleum: California State Min. Bur. Bull. 31 
(also inserted as appendix to Bull. 32). Analyses 
of oils from two wells in the Sunset field are in- 
cluded in the list. 

1904. Prutzman, P. W., Producticm and uses of petroleum 

in California: California State Min. Bur. Bull. 32, 
- .230 pp., maps, pUtes, and figures. Contains 
maps of the Sunset and Midway fields showing 
ownership and location of the wells. The prin- 
cipal part of the report consists of notes concern- 
ing the chemical and physical properties of Cali- 
fornia oils, their uses, and methods of refining. 

1905. Anderson, F. M. , A stratigraphic study in the Mount 

Diablo Range of California: Caiifomi& Acad. Sci. 
Proc., 3d ser.. Geology, vol. 2, pp. 156-248, pls^ 
13-35, 1 nup. 

1908. Anderson, F. M., A further stratigrapnic study in 
the Mount Diablo Range of California: California 
Acad. Sci. Proc., 4th ser., vol. 3, pp. 1-40. 

In both of these papers the salient features of 
the geology of the mountains on the west side of 
San Joaquin Valley are discussed, and in the first 
paper many fossils found in the Tertiary forma- 
tions are described and figured. The region 
described most in detail lies somewhat north of 
the Midway field. 

1910. Arnold, Ralph, and Johnson, n. R., Preliminary 

report on the McKittrick-Sunset oil region, Calif. : 
U. S. Geol. Survey Bull. 406, 225 pp., 5 pis., 2 
figs. The geology of the eastern flank of the 
Temblor Range is mapped and described, and the 
productive oil fields at McEittrick, Midway, and 
Sunset are discussed in detail . The sou them part 
of the region discussed by Arnold and Johnson is 
described in the present report, and their work 
^ has been used freely in its preparation. 

1911. l^llen, I. C, and Jacobs, W. A., Physical and chem- 

ical properties of the petroleum of the San Joaquin 
Valley, Calif., with a chapter on analyses of nat- 
ural gases from the southern California oil fields 
by G.. A. Burrell: U. S. Bur. Mines Bull. 19. 
Contains analyses of oil and gas from the Sunset 
and Midway fields. 
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1911. Anderson, F. M., The Neocene deposits of Kern 
River, Calif., and the Temblor Basm: California 
Acad. Sci. Proc., 4th ser., vol. 3, pp. 73-148, 
plfl. 2-13. Deals mainly with the Tertiary for- 
mations about Kern River on the east side of 
San Joaquin Valley and with the Kern River oil 
field. The formations are, however, in part the 
same as those exposed in the Sunset-Midway field, 
and brief mention is made of the geology of the 
Temblor Range. 

1911. Forstner, William, The occurrence of oil and gas in 

the South Midway field, Kem County, Calif.: 
Econ. Geology, vol. 6, pp. 138-155, 4 figs. Tis- 
cuases the conditions under which oil and gas 
exist in the Midway field, and gives some data on 
the flowing wells in the northern end of the field. 

1912. Requa, M. L., Bradley, F. W., and Stadler, Walter, 

Fuel resources of California: Commonwealth Club 
of San'Francisco Trans., June, 1912. Contains a 
brief statement regarding the history of the Sun- 
set and Midway oil fields, and statistics of pro- 
duction, also a general discussion of the possibly 
productive territory, the cost of production, and 
methods of controlling development. 

1912. Anderson, Robert, Preliminary report on the geology 
and possible oil resources of the south end of the 
San Joaquin Valley, Calif.: U. S. Geol. Survey 
Bull. 471, pp. 106-136, 1 pi. (map). This paper, 
based upon a ^ort reconnaissance, describes the 
foothills at the south end of San Joaquin Valley, 
just east of the Sunset field, pointing out the areas 
that may possibly yield oil. 

1914. Arnold, Ralph, and Garfias, V. R., Geology and 
technology of the California oil fields: Am. Inst. 
Min. Eng. Bull. 87, pp. 383-469. The report con- 
tains in concise form the salient features regarding 
the geology; methods of production and trans- 
portation of oil; and statistics on production of 
the p/incipol California fields. 

1914. Allen, I. C, Jacobs, W. A., Crossfield, A. S., and 

Matthews, R. R., Physical and chemical proper- 
ties of the i>etroleums of California: TJ. S. Bur. 
Mines Tech. Paper 74. Contains analyses of oils 
from Sunset and Midway fields. 

1915. McLaughlin, R. P., and Waring, C. A., Petroleum 

industry of California: California State Min. Bur. 
Bull. 69, 519 pp. and atlas. Chapter on westside 
fields in Kern County contains brief review of 
geology but is concerned chiefly with the me- 
chanical features of producing petroleum. 
1917. Rogers, G. S., Chemical relations of the oil-field 
waters in San Joaquin Valley, Calif.: U. S. Geol. 
Survey Bull. 653. 

STRATIGRAPHY. 

GENERAL CHABACTEB AND DISTRXBTTTION OF 

FORMATIONS. ^ 

The rocks exposed in the Siinset-Mi<^|pay 
field and in the foothills along the north flank 
of the San Emigdio Mountains are chiefly 
sedimentary and were laid down no earlier 
than the beginning of the Tertiary. The 
toundation upon which these formations rest 



is composed of jgneous and metamorphic rocks 
which reach the surface in the central part of 
the San Emigdio Mountains, but these rocks 
are of no importance so far as the presence of 
oil is concerned. The general character and 
thickness of the several formations is shown 
in the accompanying columnar section (fig. 2). 

The oldest rocks that crop out in the vicinity 
of the Sunset-Midway oil field are those that 
form the crystalline mass exposed in the central 
part of the San Emigdio Mountains. Tins 
central mass consists largely of pre-Cretaceous 
granitoid rocks that are intrusive into rocks 
of imknown age, now altered to schists and 
gneisses. The granitic and metamorphic rocks 
are the equivalent of those conmionly known 
as the basement complex in the Sieira Nevada, 
into which they may be traced in tmbroken 
outcrop through the San Emigdio and Teha- 
chapi mountains. They are not exposed in 
the Simset-Midway oil field, but they evidently 
underlie it, buried deeply beneath the Tertiary 
sedimentary rocks. 

The granitic and metamorphic rocks are 
overlain by Tertiary sedimentary rocks that 
are mainly though not wholly of marine origin. 
The oldest of these rocks exposed within the 
area shown on the geologic map are comprised 
in the Tejon formation, of Eocene age. This 
formation is composed of massive arkosic sand- 
stone and dark clay shale that were laid down 
in marine waters upon a very uneven surface 
of granitic and metamorphic rocks in the area 
now occupied by the San Emigdio Mountains 
and upon rocks of Cretaceous age in the area 
now occupied by the north end of the Temblor. 
Bange. The formation crops out in the San 
Emigdio Mountains and in the north end of 
the Temblor Range, but not in the oil field 
proper, although it almost certainly underlies 
a part if not all of the field beneath the cover 
of later Tertiary formations. The maximum 
exposed thickness of the Tejon is 4,300 feet. 

Resting upon the Tejon is a formation several 
thousand feet thick that embraces beds of 
varied character — <;oarse, ill-sorted conglomer- 
ate that was evidently laid down by running 
water on the surface of the land, massive 
marine sandstones, and fine carbonaceous clay 
shale — ;intermingled in a manner that makes 
the untanglement of the record of deposition 
peculiarly difficult. In the eastern part of the 
San Emigdio Moim tains the lower deposits 
resting on the Tejon are chiefly marine beds 
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that contain an excellent fauna of Oligocene 
age, but the overlying deposits in the same 
r^on are largely terrestrial beds of Miocene 
age, corresponding to those which in previous 
reports have been mapped and described as the 
Vaqueros formation. No satisfactory 
line of separation could be drawn be- 
tween these Oligocene and Miocene de- 
posits, for the two grade into each other, 
and in this region, where the structure is 
so compUcated, the data upon which a 
separation is based must be definite or 
the separation can not be made. These 
Oligocene beds are therefcH^ for conve- 
nience included in the Vaqueros forma- 
tion on the map and in the text descrip- 
tions. This course is considered prefer- 
able to the introduction of a new name. 
The maximum thickness of the Vaqueros 
exposed is at least 3,700 feet. 

The Vaqueros fonnation is overlain by 
several thousand feet of shale containing 
abundant remains of diatoms and other 
minute forms of sea life that is commonly 
known as diatomaceous shale. This for- 
mation is mapped and discussed in this 
report as theMaricopashale.^ The lower 
part of this shale is the equivalent of the 
shale in the Monterey group, commonly 
known as *' Monterey" shale, but the 
upper part, which is composed of coarse 
granitic gravel and diatomaceous shale, 
is equivalent to the Santa Margarita for- 
mation. At the type locality the thick- 
ness of the Maricopa shale, exposed is 
4,800 feet. 

In a small area in the north slope of the 
San Emigdio Mountains occurs a coarse 
arkosic sandstone containing a Santa 
Margarita fauna. This sandstone rests 
unconformably on the Vaqueros forma- 
tion and on the Tejon, but it nowhere 
rests on the diatomaceous shale forming 
the lower part of the Maricopa shale. 
Because of its fossils and stratigraphic 



dated sand, gravel, and clay. The lower part of 
the McE[ittrick group is made up of beds that 
were deposited in marine or estuarine waters 
and is the equivalent of the Etch^oin and 
Jacalitos formations of the Coalinga district, of 
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position this sandstone is correlated with Fioubs 2.— OcnenUxed oolunmar section of the rocks in the Sunset-Midway oil 

the San'ta Margarita fonnation and is S:!:;;'^.^^:::?^;'^.,"!.^^.*" ''"^'° """'""• ''"'"°°°'""- 
here designated Santa Margarita. 



The Maricopa shale and the Santa Margarita 
formation in the San Emigdio Mountains are 
overlain unconformably by the McElittrick 
group, which is composed of poorly consoU- 

> A redefinition of the name as used In U. 6. Geol. Survey Bull. 621, 
as explained on pages 27-28 of this report. 



upper Miocene and Pliocene ( ?) age. The upper 
formation comprises beds that were deposited 
in brackish or fresh water lak^, or subaerially, 
and is the equivalent of the Paso Robles 
(** Tulare *0 formation, of PHocene and Pleis- 
tocene (?) age. Tlie McKittrick group is at 



22 



THE. SUNSET-MIDWAY OIL FIELD, CALIF. — ^PART I. 



leaft 6,400 feet thick in the Sunset-Midway 
oil field. 

Tlie McKittrick group is overlain by poorly 
consolidated sand, gravel, and clay that form 
the Recent alluvium filling the valleys and the 
terrace deposits. This material is not essen- 
tially different from that embraced in the upper 
part of the McKittrick, and an exact separar 
tion of the two terranes can not be made. 

fbe-testiabt bocks. 

crystalli!ne rocks. 



The granitoid rocks that crop out in the 
central part of the San Emigdio Mountains 
form part of the granitic batholith that was in- 
truded in late Mesozoic time into the region 
now occupied by the Sierra Nevada, In the 
area now occupied by the San Emigdio and 
Tehachapi Mountains but little trace remains of 
the Tocka into which this granitic mass was 
intruded, and, except for a few small masses of 
dark slate and of amphibolitic schist, the rocks 
that crop out within a mile or so of the contact 
with the Tertiary rocks are all granitoid. 

As a whole the granitoid rocks are rather 
basic and may well be described as granodior- 
ite. Their character is, however, by no means 
constant and ranges from that of a rock con- 
taining abundant quartz to that of one contain- 
ing 75 or 80 per cent of amphibole or pyroxene. 
A rock made up largely of coarse crystals of 
hornblende forixil9 a considerable part of the 
north flank of the Tehachapi Mountains east of 
Tejon Pass, whereas quartz-bearing porphy- 
ritic granite forms the north slope of the ridge 
extending northwestward from San Emigdio 
Mountain. 

West of the area shown on the map (PI. II) 
the granitic rocks are covered by the Tertiary 
sedimentary formations, and except for two 
fault blocks, one about 5 miles south of the 
south edge of the area mapped and the other 
just west of the crest of the Temblor Bange, 
west of the Midway field, granitic rocks do not 
appear at the surface between the San Emigdio 
Moimtains and the San Jose Range, a distance 
of almost 50 miles. Thus those who postulate 
a single period of granitic intrusion in California 
and assign a like age to the granite of the 
Sierra Nevada and that of the Coast Ranges 
must rest their case upon evidence other than 
contmuity of outcrop. 



SCOVOMIO ZXPORTAVCZ. 

The crystalline rocks have no bearing upon 
the occurrence of oil, serving neither as an 
original source of petrolemn nor as a reservoir 
in which it might collect, but they contain 
deposits of several metallic minerals, notably 
stibnite. The chief deposit of stibnite occurs 
on the east slope of Antimony Peak, where 
veins containing this mineral cut the granite 
and may be traced for a distance of over 4,000 
feet. A smaller deposit was noted in sec. 7, 
T. 9 N., R. 20 W., where quartz veins con- 
taining stibnite cut an amphibolite schist. 
At the locality on Antimony Peak considerable 
work was done about 25 years ago . and a 
reduction plant was erected on San Emigdio 
Creek, but this has long since been abandoned 
and the mine was completely caved when 
visited in 1912. It is reported that in 1915, 
when the price of antimony rose greatly, the 
mine was reopened and considerable work was 
done. 

LATE MESOZOIO BOCKS. 

In the south end of San Joaquin Valley the 
late Mesozoic record is scant, and much of the 
history of this time can only be inferred from 
fragmentary evidence, for the Franciscan 
(Jurassic?), Knoxville (Lower Cretaceous), 
and Chico (Upper Cretaceous) rocks that form 
so large a part of the Coast Ranges to the north 
are nowhere exposed. Rocks of the Francis- 
can and ExLOXv^e formations probably do not 
occur in the region mapped. During the later 
part and possibly during most of the time 
during which these formations were being de- 
posited in the region to the north the region 
shown on the map (PI. II) was elevated above 
the sea and subjected to erosion. It seems 
probable, however, that Upper Cretaceous 
(Chico) sediments were deposited both in. the 
Sunset-Midway region and in the San Emigdio 
Mountains, for rocks of that age are now ex- 
posed in the Temblor Range, only a few miles 
north of the area shown on tjie geologic map. 
In the San Emigdio Moimtains also the basal 
Eocene beds which rest upon the granite con- 
tain pebbles of unmetamorphosed sandstone 
that were evidently derived from beds at one 
time exposed in the central part of the moun- 
tains, for it is from that area that the sediments 
composing the Eocene beds w.ere derived. 
Therefore Cretaceous rocks, similar to those 
now exposed in the northern part of the 
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Temblor Kange, probably underlie a consid- 
erable part of the Sunset-Midway region be- 
neath the cover of Tertiary formations. 

TXBTIABT SYSTEM. 

TEJON FORMATION {EOCENE). 

OENEBAL CHABACTEB AND STBATIORAPHIG 

RELATIONS. 

The oldest unmetamorphosed sedimentary 
beds now exposed in the region are those em- 
braced in the Tejon formation (Ek)cene). This 
formation is composed mainly of fine-grained 
arkosic sandstone and sandy shale with a 
small amount of conglomerate, and was de- 
posited in marine waters upon a very imeven 
surface of granitic rock. It is overlain imcon- 
formably by the rocks here mapped as Va- 
queros. Its\relation to the overlying rocka is, 
however, not very well shown, for nowhere 
within the area examined do the two formations 
show measurable discordance in angle of dip^ 
nor is there any marked lithologic change in 
passing from one to the other. It seems evi- 
dent, however, that an imconformity exists at 
the top of the Tejon in this region just as it 
does in the northern part of the Temblor 
Range, north of the limits of the area shown on 
the geologic map (PI. II), for the change in 
the faima is too abrupt and complete to be 
explained readily in any other way. - More- 
over, the presence of an imconformity at the 
top of the Tejon is suggested by the variation 
in the thickness of that formation, although 
in this region, where both the thickness and 
lithology of the Tertiary formations varies so 
greatly, such variation can not be accepted as 
positive proof of a break in sedimentation. 
The Tejon increases gradually in thickness 
westward from Salt Creek and reaches its 
maximum thickness near San Emigdio Creek, 
where shales tmlike anything in the Salt 
Creek section constitute the topmost part of 
the formation exposed. It may be that these 
shales are but a lithologic variation of the 
beds at the top of the formation on Salt 
Creek, but as nearly as may be judged from 
the somewhat unsatisfactory field evidence the 
alternate hypothesis — that they are the equiva- 
lent of bedis which are not exposed in the Salt 
Creek area and therefore that an unconformity 
marks the top of the Tejon — seems more prob- 
able. This shale is described on pages 24-25. 

DISTRIBUTION AND LITHOLOGY. 

The Tejon formation crops out in the north 
flanks of the Tehachapi and San Emigdio 



mountains from a point 8 miles east of Tejon ^ V 
Pass — or Cafiada de las Uvas, as it was known* 
to the early inhabitants of this region — to 
Santiago Creek, a distance of about 30 miles. 
East of San Emigdio Creek the Tejon is steeply 
tilted and crops out in a belt that is usually 
not more than a mile across; but west of that ' 
creek, where the formation is exposed in the 
trough of the Devils Kitchen syncline, the belt 
broadens and in places is as much as 3 miles 
wide. Besides this main belt of outcrop 
patches of the Tejon isolated by erosion from 
the main body of the formation rest upon the 
granitic rock in the central part of the range 
and are especiajly numerous about 3 miles east 
of Tejon Pass. Only two such remnants of the 
basal Tejon were found within the area shown 
on the map, on the north slope of Antimony 
Peak; but doubtless a careful search would 
reveal others stranded upon the granitic rocks 
in the higher parts of the mountains. 

It is thus evident that the basin in which the 
Tejon was laid down extended considerably 
southward from the belt of outcrop shown on 
the map, and the formation may have been de- 
posited over the whole of the San Emigdio 
Mountains and the region to the south as far 
as the drainage basins of Sespe and Piru creeks, 
where Eocene beds, practically if not exactly 
the equivalent of the Tejon but locally known 
as the Topatopa formation, are exposed. It 
seems more probable, however, that parts of the 
San Emigdio Mountains were above the sea 
throughout Eocene time, because a large part 
of the material of which the Tejon is com- 
posed was derived from the granitic rocks 
forming these mountains, and although the 
Topatopa and the Tejon were deposited 
synchronously, it is not yet established that 
they were laid down in the same basin. 

The lower part of the Tejon is usually coarse 
grained, being especially so east of San Eknigdio 
Creek and also west of that cieek on the north 
side of the granite that is exposed north of the 
axis of the Devils Kitchen syncline. East of 
San Emigdio Creek the lower 75 to 200 feet of 
the Tejon is composed of massive sandstone 
formed largely of granitic debris and contain- 
ing many fragments 1 or 2 inches in diameter. 
These beds are well exposed on the east side of 
Pleito Creek where they weather to prominent 
rugged outcrops. At Los Lobos Creek, on the 
north side of the granite exposed north of the 
axis of the Devils Kitchen syncUne, the lower 
200 feet of the Tejon is composed of f ossilif erous 
shaly sandstone interstratified with massiva 
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sandstone filled with boulders of basic igneous 
rock derived from the crystalline mass upon 
which they rest. These boulders are only mod- 
erately well rounded and vary considerably in 
size, the largest being about 2 feet in diameter. 
Exposures of these basal beds on Los Lobos 
Creek are shown in Plate VII. 

The middle part of the Tejon is composed 
mainly of shaly sandstone and shffle that weather 
easily, forming a fairly deep yellowish-brown soil. 
The shaly beds weather so much more easily 
than the sandy beds that the section there, if 
judged by weathered outcrops, appears much 
more sandy than it really is. In places the 
fine-grained beds contain lenses of conglomerate 
6 or 10 feet thick, and weathering brings into 
slight relief indurated calcareous beds, usually 
somewhat coarser than the bed in this part of 
the formation and containing fossils; but on 
the whole the middle part of the Tejon east 
of San Emigdio Creek presents no striking 
lithologio divisions, and the tabulated section 
of the formation as exposed near Pleito Creek 
given below presents a very fair description of 
the formation throughout this part of the region. 
West of San Emigdio Creek and south of the 
isolated body of granitio rocks exposed there 
the Tejon is formed almost wholly of fine- 
grained micaceous thin-bedded or flaggy sand- 
stone and dark clay shale. These beds were 
evidently deposited in shallow water, for they 
show ripple marks and contain a little car- 
bonaoeous matter and impressions of terres- 
trial vegetation. 

The thickness of the Tejon exposed varies 
greatly, probably owing both to the uneven 
surface upon which the formation was depo- 
sited and to the unconformable overlapping 
of the Vaqueros formation. The exposed 
thickness is greatest near Pleito Creek, about 
4 miles east of San Emigdio Canyon, where the 
formation comprises sandstone, shale, and con- 
glomerate aggregating a thickness of about 
4,300 feet. The following section was meas- 
ured near the point where the exposed thick- 
ness is greatest. The recorded thicknesses are 
accurate to about 10 per cent. 

Section of Tejon formation on ridge between Salt and Pleito 

creeks in sec. 31. T. 10 N., R. SO TT., and sec. 5, T. 9 N., 

R. 20 W. 

Feet. 
1. Sandstone; hard, calcareous, gray when fresh, 

weathering to dark brown; fine, even grained, 
average diameter of grains about 0.2 mil- 
limeters; weathers to prominent outcrops. 



Fecft. 

Filled with foflsil marine shells. Mapped as 
base of Miocene. 

2. Sandstone; fine grained, shaly, probably gray 

when fresh but weathers easily to brownish 
sandy soil. Contains a few calcareous layers 
carrying marine fossils 1, 200 

3. Conglomerate; well-rounded fragments, mainly 

quartzite and granitic rocks, filled with 
marine fossils 10 

4. Sandstone; much like bed 2 above but includes 

numerous dark-brown concretions hardened 
by lime and iron and containing fossil shells. 
A few pebbles of granitic rocks on surface 1, 890 

5. Sandstone; somewhat more indiuated and slight- 

ly coarser grained than that in overlying beds; 
weathere to prominent outcrops 100 

6. Sandstone; very fine, even grained but less shaly 

than bed 8 below 350 

7. Sandstone; slightly coarser than underljing bed 

8 and contains a few well-rounded quartzitic 
cobbles having a maximum diameter of 5 
inches 100 

S. Sandstone; very fine, even grained and shaly; 
weathers to minute light-brown angular frag- 
ments; contains many impressions of terres- 
trial vegetation; exposures poor, soil deep... 300 

9. Sandstone; coarse grained, containing many 
fragments as large as No. 6 shot and a few 
granitic cobbles a few inches in diameter. 
Material evidently derived from granitic 
rocks of central part of San Emigdio Moun- 
tains. Weathers to prominent outcrops trace- 
able for several miles. Rests upon crystalline 
rocks 250 



4,200 



Between Pleito and San Emigdio creeks the 
uppermost part of the Tejon is composed of 
shale that varies in color from greenish black 
to chocolate-brown. This shale is thickest on 
San Emigdio Creek. It wedges out rather 
abruptly toward the east and was not recog- 
nized in the canyon of Pleito Creek. This 
wedging out may be due to the replacement 
of the shale by sand, but, as is explained on 
page 23, the writer is inclined to believe that 
the shale is younger than the uppermost 
Tejon exposed on Salt Creek and Cafiada de 
las Uvas,. and that the disappearance of the 
shale is caused by the imconformable over- 
lapping of the Vaqueros formation. 

In the first canyon west of Pleito Creek — 
that is, the one draining northward through the 
western part of sec. 34, T. 10 N., R. 21 W.— the 
shale is about 75 feet thick. In this vicinity 
it weathers to a deep, loose soil that supports 
little vegetation, or to hill slopes covered with 
angular shale fragments one-fourth to one-half 
inch widfe. The shale is distinctly a clay shale 
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as distinguished from the lighter-colored sandy 
shale in the lower part of the Tejon. Beneath 
this shale are fine-grained "grayish sandstones 
and shales that closely resemble those of the 
overlying Vaqueros formation, and about the 
only noticeable difference in the lithology of the 
two formations is the character of the concre- 
tions. The concretions in the Tejon are usu- 
ally regularly formed and smoothly rounded, 
looking like large balls or dumbbells, and when 
broken or even when considerably weathered 
they show a shelly or concentric structure. On 
the other hand, most of those of the Vaqueros 
formation are irregular lenticular masses whose 
greatest length lies parallel to the bedding. In 
the field these concretions were termed '^conl- 
cretionary layers" to distinguish them from 
the more synmietric concretions common in the 
older formations. 

In the canyon of San Emigdio Creek the shale 
composing the uppermost part of the Tejon is 
best exposed opposite the mouth of Williams 
Creek. Most of the Tejon that crops out east 
of the creeky in the north flank of the Devils 
Kitchen syncline, is composed of sandy shale 
that weathers to chocolatcb-brown. This shale 
supports little vegetation other than a few scat- 
tered groups of juniper trees. In general aspect 
it resembles the more clayey phases of the later 
Tertiary diatomaceous shale in this region or 
the Ej*eyenhagen and Moreno shales in the 
Coalinga region.' 

The general lithologic similarity and the like 
stratigraphic relations suggest that this shale 
may be the equivalent of the Ereyenhagen 
shale. No fossils were found in the shale, and 
for the present at least it is considered as part 
of the Tejon. 

On Grapevine Canyon (Cafiada de las Uvas) 
the Tejon is somewhat broken by f aidts and the 
lower part is covered by landslides of granite 
debris that have come from the higher parts of 
the range on the south. It is therefore difficult 
to make out the true character of the formation 
or to determine its thickness with accuracy. 
It is unfortunate that this, according to Whit- 
ney's description, is the type section of the 
Tejon, for the formation is apparently thicker, 
is better exposed, and contains more f ossilswest 
of this locality, in the vicinity of Pleito Creek. 

* Andenon, Robert, and Pack, R. W., Geology and oil mouroes of 
the west border of the San Joaquin Valley north of Coalinga, Calil.-: U. S. 
Geol. Survey Boll. 603, pp. 50, 75, 1915. 



AGE AND CORRELATION. 

The Tejon formation is of fk>cene age, as is 
shown by the marine invertebrate fossils that 
occur scattered throughout it. The type sec- 
tion of the formation is at Grapevine Canyouj 
or Tejon Pass (Cafiada de las Uvas of the early 
explorers). The geology of this section was 
first studied by Blake, geologist for the Pacific 
Railroad Survey, and the fossils collected by 
him were determined as Eocene by Conrad. 
Later Gabb; paleontolc^st of the Geological 
Survey of California, after a careful study of 
the fossils from this region, referred these beds 
to the Upper Cretaceous. The name Tejon was 
applied by Whitney from their occurrence near 
old Fort Tejon, in Grapevine Canyon, although 
in the same sentence he says that the beds are 
also typically exposed in t^e Mount Diablo 
region. More recent studies of the fauna of the 
Tejon have shown that it is properly referable 
to the Eocene and not to the Upper Cretaceous. 

Dickerson' has studied the fauna of the 
Tejon in considerable detail and has published 
lists of the species collected by him at the south 
end of San Joaquin Valley from the exposures 
of the Tejon in and east of the canyon of Salt 
Creek, chiefly from Liveoak, about 3 miles east 
of Tejon Pass. There the uppermost beds of 
the Tejon contain an abundance of fossils, and 
it was probably from these very exposures or 
in float from them that Blake collected the 
fossils he obtained. 

IMPORTANCE WITH RELATION TO PETROLEUM. 

No evidence of petroleum has been discovered 
in the .Tejon formation anywhere in the south- 
em part of San Joaquin Vdley. The shale that 
forms the uppermost part of the formation in 
the vicinity of San Emigdio resembles some- 
what the more clayey phases of the organically 
formed shales — the diatomaceous shales — 
which are found in the productive oil regions 
and in which the oil originated. It is not im- 
probable, therefore, that oil may occur in this 
part of the formation and that it might con- 
centrate in certain places and form pools of 
commerical value if the structure were favor- 
able for such ccncentration. The structure 
does not appear to favor concentration, how- 

s Dickerson, R. E., Stratigraphy and fauna of the Tejon Eoocno of 
California: California Univ. Dept. Geology Bull., vol. 9, pp. 420-421, lOlG. 
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ev^ except in the short anticline that lies be- 
tween San Emigdio and Pleito creeks and on 
the north side of the Devils Eatchen syncline. 
The possiblie occurrence of petroleum here is dis- 
cussed on page 170. 

OUGOCENE AND MIOCENE ROCKS. 
NOMENCLATURE. 

ReUttion of the formations. — In the present 
report the strata of Oligocene and early 
Miocene ages are grouped into formations 
that do not correspond precisely with the 
formations that have been described for other 
parts of the Coast Ranges of California. The 
writer believes that the structure and geologic 
history of this particular region are brought 
out more clearly by this grouping, and was not 
able to devote sufficient time in the field to the 
study of these strata to permit their segrega- 
tion into formations corresponding precisely 
to those that may be termed the standard for- 
mations of the Coast Ranges. The relation of 
the formations described in the present paper 
to the formations commonly described in other 
parts of the Coast Ranges is shown in the ac- 
companying table and is described in the tol- 
lowing paragraphs. 

Relation between formationa described in the present report 
and in previous reports on this and near-hy areas. 



t 

present report. 


Previous reports. 


1 


• 

Paso Robles ("Tu- 
lare") formation. 




Tulare formation. 


• 

Etchegoin formation, 
probably including 
a representative of 
Jacalitos formation. 

• 


Etchegoin and Jaca- 
litos formations. 


Maricopa 
Bhale. 


Santa Mar- 
garita for- 
mation. 


Santa Margarita formation. 


Absent. 


i 

§ 


Monterey shale, diar- 
tomaceous shale,. 
Salinas shale. 


V^aqueros formation, in- 
cluding, for conve- 
nience, some Oligocene 
at base. 


Vaqueros formation. 


Kreyenhagen shale. 


Tejon formation. 


Tejon formation. 



V(iquero8 fornuUion. — ^As explained on page 
21 the term Vaqueros formation is used in this 
report to designa1>e a thick succession of sand- 
stone, conglomerate, and shale that was de- 
posited during Oligocene and early Miocene 
time. The lower or Oligocene beds (here for 
convenience included in the Vaqueros) consist 
of marine sandstones containing abundant in- 
vertebrate fossils which correspond well with 
the fauna of a part of the "Astoria group" * 
and with that of the Sobrante sandstone or 
Agasoma zone in Contra Costa County, Calif.* 
These formations are now believed to be Oli- 
gocene, and this lower part of the Vaqueros 
fonnation as here mapped is therefore to be 
considered as of Oligocene age. The upper 
part of the formation, to judge both from the 
meager fauna it contains and from its dose 
stratigraphic relation to the overlying diato- 
maceous shale, is evidently of lower Miocene 
age and to be considered as the equivalent of 
the Vaqueros formation. The writer did not 
have sufficient time to separate the deposits 
into these two parts, for the structure in this 
region is so complicated that it woidd take de- 
tailed stratigraphic and paleontologic work to 
make the separation in a satisfactory manner. 
For the present, therefore, the strata are 
grouped into a single formation, which for con- 
venience is termed the Vaqueros formation, al- 
though the Oligocene beds do not properly 
constitute a part of that formation. It will 
doubtless be possible, when more detailed 
work is done, to separate the Oligocene beds 
from the lower Miocene beds or Vaqueros 
proper. However, in spite of the fact that the 
conditions governing deposition varied in diflFer- 
ent parts of the south end of San Joaquin Valley 
during the time these sediments were being 
laid down, the general relations of the beds in- 
dicate that deposition was fairly constant and 
that such interruptions as occmred were local. 
It seems appropriate, therefore, that the whole 
succession of beds should be considered as one 
formation. It is probable that in other parts 
of California an equally close relation exists be- 
tween lower Miocene and Oligocene beds, and 
that in certain areas beds which have been de- 

1 Arnold, Ralph, and Hannibal, Harold, The marine Tertiary stratig- 
raphy of the north Pacific coast ot America: Am. Phllos. Boo. Proc., 
vol. 52, No. 212, November-December, 1913. 

• Clark, B. L., The occurrence of Oligocene in the Contra Costa Hills of 
middle California: California Univ. Dept. Geology Bull., vol. 9, pp. 
9-21, 1915. 
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scribed as part of the Vaqueros f oimafion are in 
reality of Oligocene age. 

Monterey group. — ^The Monterey group is not 
mapped as such on the geologic map accom- 
panying the present report, although its ap- 
proximate boimdaries are shown on the map, 
and the term Monterey is used in places in 
the text. As the previous usage of the term 
Monterey has not always been \miform it be- 
comes necessary to define the use to which the 
term is put m this report. 

The term Monterey has been used in descrip- 
tions of California geology in two distinct ways. 
One group of writers has applied the terms 
''Monterey series," ''Monterey group/' "Mon- 
terey formation" to a terrane of varied lith- 
ology including both coarse material, such as 
sandstone, gravel, and boulder beds, and fine 
material, chiefly diatomaceous shale, that was 
deposited during a period of continuous sedi- 
mentation in early Miocene time. Another 
group of writers has sought to restrict the term 
Monterey to the fine-graiued or shaly beds that 
were deposited chiefly during the later part of 
tins time, and hence the terms (' Monterey 
shale" and "Monterey formation" have been 
used to describe the deposits of diatomaceous 
shale that are so abundant in the southern 
Coast Ranges of California. The coarse-grained 
beds associated with the diatomaceous shale 
have been described by these writers as 
another formation, usually called the Vaque- 
ros formation. 

It is convenient in describing the geology of 
the southern Coast Rang^ of California to 
have definite names by which to designate 
separately the shaly and the sandy beds that 
were deposited during this time, for in most 
places it is possible to make some sort of a 
separation in the field between the coarse beds 
below and the fine ones above. 

To the writer it seems evident that in this 
south end of San Joaquin VaUey there was no 
considerable interval of erosion separating the 
Monterey into two divisions, but rather it ap- 
pears that there were many local and unrelated 
periods of erosion during one general period of 
sedimentation. It is thus equally convenient 
and necessary to have some name to apply to 
the beds laid down during the whole of this 
period of sedimentation as to have two names 
to designate the principal parts separately. 



It is therefore desirable to have three 
distinct names for use in describing the de- 
posits — ^a name for the group as a whole, a 
name for the lower and dominantly coarse- 
grained part, and a name for the upper and 
dominantly shaly part. The trouble lies in the 
fact that the name Monterey has been used 
for the group as a whole and also for the shale 
alone. 

A full discussion of the propriety of these 
different usages of the term Monterey would 
require more space than can be spared in this 
report, but it may be said that the term as 
fii^t used was probably meant to designate 
the larger unit of deposition rather than only 
the subordinate lithologic phase. Certainly it 
was in this broader sense that the term Mon- 
terey first had wide appUcation in geologic 
literattire, although both usages are now com- 
mon among those working in the geology of 
the California Coast Ranges. A description of 
the ways in which the term Monterey had been 
used up to 1912 has been given by Louder- 
back,^ and to his paper the reader is referred 
for a more detailed discussion of the subject. 
Monterey has been adopted in the larger or 
group sense by the United States Geological 
Survey. 

In the present report the term wherever 
employed in the text is therefore used to 
designate the larger unit, and as here defined 
the Monterey group includes all the Miocene 
beds older than the Santa Margarita. These 
beds are the equivalent of those that were 
described by Arnold and Johnson ' as the 
Vaqueros formation and Monterey shale. As 
thus described the Monterey group corresponds 
to the Vaqueros formation (exclusive of the 
OUgocene beds which for convenience are here 
included in the Vaqueros) and the lower part 
of the Maricopa shale as shown on the geologic 
map (PI. II). 

Maricopa shale, — In the present report the 
term Maricopa shale is used to describe the 
thick mass of diatomaceous shale that forms 
the central part of the south end of the Temblor 
Range and crops out in places along the north 
flank of the San Emigdio Mountains. The 

1 Louderback, O. D., The Mantere7 series In California: California 
Univ. Dept. Geology Bull., vol. 7, pp. 177-241, 1913. 

> Arnold, Ralph, and Johnson, H. R., Preliminary report on the 
McKittrick-Simset oil region, Kern and San Luis Obispo counties, Calif .: 
U. S. Oeol. Survey Bull. 406, pp. 42-62, 1910. 
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lower part of this diatomaceous shale is the 
equivalent of the upper part, of the Monterey 
group as defined on page 27, but the upper 
part of the shale is equivalent to the Santa 
Margarita formation as developed in the 
Salinas Valley. In the preliminary report 
these beds were described as the Monterey 
shale and the Santa Margarita (?) formation. 
Although it is possible along the east flank of 
the Temblor Range and in a part of the Pleito 
syncline to separate the shale on a lithologic 
basis into two parts, the upper of which con- 
tains more coarse sandy beds and lenses made 
up of granite boulders than the lower part, 
the writer can not see that there is good evi- 
dence for assuming that the line thus drawn is 
the same as the Hne between the Monterey 
group and the Santa Margarita formation. 
Inasmuch as the diatomaceous shales are of so 
great importance in the consideration of the 
occurrence of oil — they are believed to be the 
original source of the oil — it seems best to 
consider all the shale as belonging to a single 
formation, especially as the field evidence 
indicates that deposition was probably con- 
tinuous throughout the time during which 
these beds were laid down. 

The name Maricopa was selected for these 
diatomaceous shales from a typical section near 
Maricopa, in Sunset Valley, and the name was 
first published in a report by W. A. English,* 
to designate certain strata in Cuyama Valley, 
west of the area described in the present 
report, the strata exposed there being correlated 
with the diatomaceous shale exposed near 
Maricopa. Further field work, however, done 
in the east flank of the X^mblor Range and in 
Cholame Valley during 1915 and 1916, in 
carrying on the investigations of the petroleum 
resoiirces of California, has brought out the 
fact that the upper part of the typical Maricopa 
shale in the Sunset region is composed of 
yoimger beds than any of those that were 
termed Maricopa shale in the Cuyama Valley, 
being in fact equivalent to the Santa Margarita 
formation, and the correlation of these beds in 
the Cuyama Valley with the typical Maricopa 
shale is therefore not correct. In a later 
paper ^ English describes diatomaceous shales 
that form the upper part of the Monterey 

1 Geology and oil prospects of CuyamaValley, Calif.: U. S. Geol. Survey 
Bull. 021, pp. 191-215, 1016. 

* Geology and oil prospects of the Salinas Valley-Parkfield area, Calif.: 
T7. S. Geol. Survey Bull. 691, pp. 228-229, 1918. 



group as the Salinas shale, and the. shale 
termed Maricopa shale in the report on Cuyama 
Valley should properly be called Salinas shale. 
Santa Margarita forrnaiion, — In the foothills 
forming the north flank of the San Emigdio 
Mount^uns are exposed coarse sandstones that 
contain typical marine invertebrate fossils of 
Santa Margarita age. These beds are the equiv- 
alent in age of the beds forming the upper part 
of the Maricopa shale in the foothills on the east 
flank of the Temblor Range. They rest uncon- 
formably on the Vaqueros and Tejon forma- 
tions and are imconformably overlain by the 
Etchegoin formation. Because of their fauna 
and their stratigraphic position they are here 
designated the Santa Margarita formation. 

VAQUEROS FORMATION (LOWER MIOCENE).' 

aXHERAI. CSARACTER AHD S'jCRATZQ&APHZO 

BSLATIOirS. 

The Vaqueros formation as mapped in this 
area is made up in part of beds that were de- 
posited in shallow, near-shore marine water; in 
part of beds that were deposited in quiet and 
probably deeper marine water; and in part of 
coarse beds that were laid down by running 
water. A very considerable part of the coarse 
debris contained in the formation was derived 
from a rugged land mass, composed largely of 
granitic rocks, that lay in the r^on now occu- 
pied by the Tehachapi Mountains and the east- 
em part of the San Emigdio Mountains. On 
the flanks of the rugged mountains that occu- 
pied this area were deposited the coarse arkosic 
sandstones and the ill-sorted boulder beds that 
now crop out in the foothills east of San Emig- 
dio Creek. Farther from the moimtains and 
beneath marine waters were laid down the finer 
sediments that now form the sandstones and 
shales which crop out in the western part of the 
San Emigdio Mountains west of Santiago Creek. 

The area in which the Vaqueros formation 
now occurs as shown on the geologic map (PI. 
n) is but a small part of the basin in which this 
formation was deposited, for beds of equivalent 
age crop out in much of the southern Coast 
Ranges and also in the western flank of the 
Sierra Nevada, near the Kern River oil field. 
The area mapped, however, lies at the outer 
edge of the basin of deposition, for throughout 
the period during which these sediments were 

> In this report some beds of Oligooeno age are for oonvenienoe included 
in the Vaqueros formation, as explained on p. 21. 
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being deposited a high mountain barrier must 
have occupied the r^on where the Tehachapi 
Mountains now stand. The eastern part of the 
San Emigdio Mountains was likewise above the 
sea during most of the period, as is shown by 
the fact that the volcanic rocks that occur in 
the upper part of the Vaqueros formation in the 
eastern part of the area rest upon the granitic 
rocks near the headwaters of Santiago Creek. 
It is interesting to note that the fossiliferous 
marine beds in the lower part of the depos- 
its, here for convenience included in the Vaque- 
ros formation, now crop out at an altitude of 
6,200 feet above sea level, on the north slope of 
the San Emigdio Mountains, giving a rough 
measure of the amount of vertical movement 
that the region has imdergone since early Oligo- 
cene time. 

With the imderlying Tejon formation the 
Vaqueros is evidently imconformable, although 
the two formations are so alike lithologically 
that they can be differentiated only with great 
difficulty. The evidence of unconformity is 
discussed in the section describing the strati- 
graphic relations of the Tejon. 

With the overlying Maricopa shale the Va- 
queros appears to be perfectly conformable, 
and the two formations, grading one into the 
the other, are evidently the products of practi- 
cally uninterrupted sedimentation. 

UTROLOGT AHD DXBTRZBTJTIOV. 

The Vaqueros formation crops out m an irreg- 
ular belt several miles wide in the north flanks 
of the Tehachapi and San Emigdio Mountains 
from the vicinity of the Tejon ranch, 12 miles 
east of Tejon Pass, westward to and beyond the 
west end of the San Emigdio Mountains. The 
older rocks upon which the formation rests crop 
out east of Santiago Creek, but west of that 
creek the Vaqueros forms the crest of the San 
Emigdio Mountains and extends in unbroken 
outcrop down their south flank. On the south- 
western flank of the Temblor Range, west of 
the area shown on the geologic map (PI. II), 
the upper part of the Vaqueros is exposed. 
The intervening area, in which lies the produc- 
tive Sunset-Midway oil field, is underlain be- 
neath the younger Tertiary formations by the 
lower Miocene or Vaqueros beds proper and 
perhaps also by the Oligocene beds which for 
convenience are here included in the Vaqueros. 



ARBA EAST OF SAmiAOO CRKEK. 

In the eastern part of the area mapped the 
deposits here included in the Vaqueros forma- 
tion may be divided into four lithologic divi- 
sions. The lowest of these divisions is charac- 
terized by massive arkosic sandstone filled with 
marine Oligocene fossils; the second division is 
composed of ill-sorted beds of coarse granitic 
conglomerate and sand that were probably in 
large part deposited subaerially; the third divi- 
sion is composed of basaltic and andesilic flows 
and tuffs; and the uppermost division is com- 
posed of fine sand and sandy shale in part if not 
wholly of marine origin. 

Near Pleito Creek the lowest division is about 
750 feet thick and is composed chiefly of massive 
arkosic pebbly sandstone containing numerous 
highly fossiliferous calcareousbeds that weather 
dark reddish brown and a few lenses of con- 
glomerate formed laigely of fairly well roimded 
pebbles. The massive sandstone that forms 
the characteristic feature of this di\ision 
weathers to long dip slopes barren of vegetation 
that are a striking feature of the landscape on 
both the east and west sides of Pleito Creek. 
Outcrops of these massive sandstones are shown 
in Plate VIII. On the whole these sandstones 
closely resemble the underlying sandstones of 
the Tejon, and no structural break is apparent 
between them, nor is a distinct litkologic 
change apparent in many places. The basal 
bed as mapped is the lowest calcareous sand- 
stone that contaras Oligocene fossils. About 
100 feet stratigraphically below this fossilifer- 
ous calcareous sandstone Eocene fossils were 
collected. The beds lying above the fossilifer- 
ous Eocene sandstone and below the lowest bed 
in which Oligocene fossils were collected might 
belong equally well with either the Oligocene 
or the Tejon. For the present they are mapped 
with the Tejon. 

The division next above the massive sand- 
stone is composed mainly of coarse ill-sorted 
conglomerate made up of poorly rounded frag- 
ments of granitic and other crystalline rocks 
derived from the complex that forms the higher 
parts of the mountains to the south and east. 
These coarse beds contain fragments that differ 
greatly in size, the largest ones seen having a 
diameter of 5 or 6 feet. With the coarse beds 
are irregular beds of fine arkosic sand which 



30 



THE SUNSET-MIDWAY OIL FIELD, CALIF. — PART I, 



weather so easily that they form a very incon- 
spicuous part of the section^ and the conglomer- 
erate appears much thicker thar it really is. 
The bedding in this part of the section is ex- 
ceedingly irregular, huge lenses of conglomerate 
more than 100 feet thick wedging out within a 
few hundred feet along the strike. 

A notable feature of this part of the forma- 
tion is the bright color that it shows locally as 
far west as Pleito Creek. The color is best 
shown on Tacuya Creek, where the basal sand- 
stone is not prominent and the whole of the 
formation below the basalt and agglomerate is 
composed of ill-sorted gravel, grit, and sand 
with a few lenses of clay. These beds weather 
to rugged badlands, and the vertical cliffs, 
brightly colored in irregular streaks of various 
shades of red, brown, green, gray, and yellow, 
give a highly fantastic touch to the land- 
scape. The particular color a bed may show 
does not appear to bear any definite relation 
to the lithology of the bed, except that the 
reddish color is usually of a deeper tone in 
the fine-grained or clayey beds than in the 
coarse beds. 

Most of this part of the formation is barren of 
fossils, but on account of its general lithologic 
character, its prevailing reddish color, and its 
lack of the marine fossils that are so abundant 
in the imderlying beds, this member is believed 
to have been deposited subaerially. However, 
all of it can not be considered to have been so 
deposited, nor can the size of the boulders alone 
be considered as proof of subaerial deposition, 
for the uppermost beds of this division east of 
Pleito Creek contain fossiliferous marine sand- 
stones bedded with conglomerate formed of 
coarse boulders some of which have a diameter 
of 4 feet. Characteristic outcrops of this divi- 
sion near Salt Creek are shown in Plate V. 

West of Pleito Creek the conglomeratic mem- 
ber of the Vaqueros formation can not be dif- 
ferentiated from the underlying massive Oligo- 
cene sandstone, and at the Devils Kitchen, on 
the east side of San Emigdio Creek, the lower 
2,000 feet consists of alternating beds of mas- 
sive sandstone and conglomerate composed of 
fairly well rounded fragments. The following 
roughly estimated section shows the character 
of iiie formation at the Devils Kitchen. The 
be^ described, which are shown in Plate VIII, 
are on the north limb of the syncline. 



Section of Vaqueros formation in the DeviU Kitchen. 

Sandstone, maaaivc, gray, of variable grain, con- 
taining numcroiu conglomerate lenses formed of 
weU-rounded fragments that range from sand 
grains to pebbles with a diameter of 3 or 4 inches. 
Sandstone weathers to bare dip slopes GOO or 700 
feet long near axis of eastward-plunging syncline . . 

Sandstone and conglomerate, much like the over- 
lying beds but weather more easily, and on north 
flank of syncline underlie grassy slope 

Sandstone, massive and shaly, intentratified in beds 
2 or 3 feet thick. Massive beds weather out and 
give corded appearance to the hill slope. This 
and overlying zone become coarser grained and 
more resistant to weathering on north slope of 
Eagle Rest 

Sandstone, massive, with relatively little conglom- 
erate. Thin beds of brownish calcareous sand- 
stone filled with Oligoccne fossils occur throug^i- 
out but are especially prominent toward base. 
For convenience included in Miocene Vaqueros 
formation. This zone, like the overlying zones, 
is coarser grained on the south limb ol the syncline 
than on the north limb. Rests pn dark shale 
mapped as Tejon 
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The following section shows the character of 
the Vaqueros formation in the hills just south 
of the point where Williams Creek enters San 
Emigdio Creek, on the south limb of the Devils 
Ejitchen syncline. The uppermost part of the 
Vaqueros exposed in the Devils Elitchen syn- 
cline on the east side of San Emigdio Creek has 
been eroded from this area, and the beds de- 
scribed in the section given below are • the 
equivalent of tlie three lower divisions described 
in the tabulated section given above. 

Section of Vaqueros formation on south limb of DeviU Kitchen 
synclinCf between two branches of San Emigdio Cr^ek. 

Sandstone and conglomerate; sandstone coarse and 
uneven grain, weathcis to yellowish-white out- 
crops 500 

Sandstone, massive, fine grained, with a small 
amount of conglomerate 250 

Sandstone, fine grained; weathers brownish; con- 
tains numerous calcareous beds that weather deep 
red-brown and contain* many fossil shells of Oligo- 
cene age 200 

Shale, dark when fresh; weathers to yellow-brown . . 150 

Sandstone, fine grained, thin bedded, grayish-brown 
outcrops 50 

Sandstone, fine grained; weathers greenish brown; 
concretionary 200 

Sandstone, much like overlying but contains calca- 
reous beds filled with Oligocene fossils. Rests on 
dark clay shale mapped as Tejon 50 

1,400 
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The third diyision of the Vaqueros formation 
east of 'Santiago Creek is composed almost 
vp'holly of %uS and scoriaceous lava. These 
beds yield hut little to the agencies of erosion, 
and their outcrops usually stand out in bold 
relief from the softer sands and sandy shales. 
Cven the massive conglomerates of the under- 
lying division are much less resistant and no- 
'where weather out so prominently. This divi- 
sion shows a perfect gradation into the underly- 
ing division, for between the coarse boulder beda 
composed of granitic debris and the overlying 
cra^y-weathering andesitic agglomerates are 
beds formed largely of fine angular tuff but con- 
taining also many rounded pebbles of granitic 
rock. The change from a bed composed wholly 
of detrital material to one composed wholly of 
pyroclastic material is so gradual that it is not 
possible to say just where the predominance of 
one type of material ends and that of the other 
begins. These transition beds are well devel- 
oped between Salt and Pleito creeks, where they 
attain a thickness of about 200 feet. Besides 
this transition from the detrital rocks to the 
scoriaceous lava, the close relationship between 
the two parts of the formation is shown by the 
presence of thin beds of sandstone intercalated 
with the basaltic flows. The character of the 
igneous rock that constitutes the upper part of 
this division is described .on pages 52-54. 

Overlying the volcanic rocks in the region 
east of San Emigdio Creek are fine-grained 
grayish arkosic sandstone and clayey sands that 
are little indurated and weather to smoothly 
rounded hills which support a fair growth of 
grass. These beds contain marine fossils, but 
the forms so far obtained are not very diag- 
nostic. It is believed that these beds are the 
equivalent of the shale that forms the upper 
part of the Vaqueros and crops out between the 
headwaters of Santiago and Bitter creeks and 
also in the vicinity of the point where those 
streams enter San Joaquin Valley, along the 
southern Umb of the Cienaga syndine and the 
east end of the Pioneer anticline. The main 
reasons for this correlation he in the facts that 
the chocolate-colored shale at the headwaters 
of Santiago Creek overUes andesitic and basaltic 
rocks which are the equivalent of those exposed 
east of San Emigdio Creek and that the shale 
mapped as the upper part of the Vaqueros on ^ 



the south limb of the Cienaga syndine lies 
stratigraphically above the horizon marked by 
a small bed of imdesitio agglomerate that crops 
out in sec. 11, T. 10 N., R. 23 W. 

Westward from the vicinity of San Emigdio 
Creek to Santiago Creek the Vaqueros forma- 
tion is mainly fine-grained sandstone and sandy 
shale with relatively Uttle agglomerate, but it 
contains many higly fossiliferous bods that are 
indurated by a calcareous cement and weather 
to rather prominent red-brown outcrops. These 
beds are especially prominent between San 
Emigdio and Pleitito creeks some 2 to 4 miles 
from the edge of the valley, where they weather 
to smoothly rounded hiUs markedly in contrast 
to the massive slabs of sandstone and conglom- 
erate that form the Devils Eatchen and to the 
badlands carved out of the younger Tertiary 
beds that lie closer to the plain. Plate IX, A, 
shows very well tlie difference in weathering 
between these beds and the younger Tertiary. 

The highly fossiliferous massive calcareous 
sandstones of OUgocene age that are for con- 
venience here mapped as the basal part of the 
Vaqueros formation east of San Emigdio Creek 
continue westward in the Devils Kitchen syn- 
dine as far as the NE.J sec. 4, T. 9 N., R. 22 W., 
where they rest upon the Tejon in the vicinity 
of the westernmost point where that formation 
is exposed on the south limb of the syndine. 
Westward from this point yoimger and younger 
beds of the Vaqueros rest upon the granitic rock 
until, near the headwaters of Santiago Creek, at 
the west end of the exposure of granitic rocks, 
volcanic rocks equivalent to those that make up 
the thud member of the Vaqueros east of San 
Emigdio Creek are the lowest beds exposed. 
Most of the Vaqueros rocks between San Emig- 
dio and Santiago creeks are fine grained, and 
even the beds in contact with the granite con- 
tain but httle conglomerate of the type that is 
so characteristic of the formation farther east. 
The contact between the Tejon and Vaqueros 
formations has not been mapped in detail on 
the north flank of the Devils Kitchen syndine, 
and, although the beds resting on the granite 
west of Los Lobos Creek are mapped as Vaque- 
ros, a narrow bdt of Tejon may also crop out 
there. 

The section given on page 32 is shown graph- 
ically in figure 3. 
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Section of Vaqueroi formation below Ihe andentie (u^, on 
ridge between Salt and Pleito ereekt. 

rMt. 

16, Tuff; coarse craggy-weathering andesitic tuff 
thatforma creat of hill. 

16. Tuff and thin-bedded tuffaceoua sandstone, as 
below, containing fragments of granitic rocks, 
some with a. diameter of aa much as half an 
inch 140 

14. Tuffaceous sand and clay, in alternating beds 
th&t range in thickness from 6 to 34 inches. 
Color gray, in places light grayish green. 
Veryarfcoaic; black mica exceptionally abun- 
dant and freeh. Apparently water-laid de- 
posit of pyioclastic material 60 

13. Sandstone; grains vary in diameter, the largest 
aliout size of B shot; with coarse pebblee. A 
few tragmenta of foadl marine shells, prob- 
ably of Mioceoe age 16 



very massive, weathering to dip 
slope and forming steep north side of ridge. 
Well-rounded pebbles scattered throughout; 
a few seal-brown calcareous sandstones filled 
with fossils of Oligoceneage 260 

4. Sandstone, massive, arkoeic, containing poorly 
consolidated conglomerate lenses and scat- 
tered pebbles. Near center are two gritty 
calcareous sandstones 6 to 12 inches thick 
containing Oligocene fossils 12S 

3. Sandstone, conglomerate, and clay shale inter- 
miogled; colored irr^ularly red and gray, 
the color varying along strike; clay beds usu- 
ally more reddish than coarser ones. Peb- 
blee in lower part well rounded and usually 
less than 4 inches in diameter. Upper part 
contains irregular fragments a foot or so in 
maximum diameter 225 



12. Conglomerate; fragments of acidic granite as 
much as 4 feet in diameter, in sandy matrix, 
locally colored red 

11. Sandstone, as above but lacks reddish color; 
contains fossils, probably of Miocene age 

10. Sandstone, arkosic, average grain about size of 
No. 8 shot, locally colored red, filled with 
fragmentfl of fossil shells, probably of Miocene 



age.. 



9. Conglomerate, coarse and ill sorted; contains 
rocks of varied type — acidic and basic granitic 
rocks, limestone, quartzite, and volcanic 
rock(). Upper 60 feet alternating beds of fine 
aandalone and gravel containing boulders of 
acidic granite, the largest 5 feet in diameter. 
Whole zone colored reddish, but intensity of 
- color not constant 1, 130 

8. Gravol, sand, and clay; grade into overlying 

coarse gravel 290 

7. Sandstone; intermingled massive pebbly sand- 
stone as below and soft reddish sandstone and 
gravel aa above 80 

6. Conglomerate and massive sandstone; sand- 
stone as below, conglomerate of well-rounded 
pebblee as much as 8 inchea in diameter 316 



2. Sandstone, yellowish gray when weathered, 
grain about like underlying bed. A few thin 
calcareous beds in lower half containing Oli- 
gocene foanls. Upper half pooriy exposed- - . 125 

1. Sandstone, hard, ciUcareaus; gray when freeh; 
weathers to dark brown; fine, even grained; 
average diameter of grain about 0.2 milli- 
meter. Weathers to prominent outciops. 
Filled with fcnil marine sheila of Oligocene 
age. Basts on fine-graiued sandstone mapped 
as Tejon 15 

2,807 

ARKA WEST or e&NTtA.OO CRRIK. 

West of Saatiago Creek the base of the bcda 
here included in the Vaquoros formation is not 
exposed, but from the lowest bed which crops 
out along the axis of the anticline that extends 
through sees. 9 and 10, T. 10 N., R. 23 W., to the 
base of the Maricopa shale there is at least 3,700 
feet of sandstone and shale. The Vaqueros 
formation here is divisible into two main parts. 
The lower part is at least 2,700 feet thick and 
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A. OUTCROP OF DIATOMACEOU3 MARICOPA SHALE IN PLEITO HILLS. 
Thh rinla a of die man thinly lamintlsd typs. PhMagraph by G. C. GtaUt. 
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is composed of massive arkosic, somewhat 
concretionary gray sandstone that weathers 
to dark-brown outcrops. The upper part is 
about 1,000 feet thick and is formed largely of 
dark carbonaceous and in part diatomaceous 
shale that contains many thin beds of iron- 
gray sandstone and dark calcareous layers 
which weather light yellow. The shale is 
almost black when fresh but usually weathers 
to a dark chocolate color or even grayish white, 
approaching in appearance the weathered 
outcrops of the overlying Maricopa shale. 

The lower sandy portion of the Vaqueros 
crops out in the central part of T. 10 N., R. 23 
W.y and forms a belt of fairly rugged hills 
which trend westward through sees. 10, 9, 8, 
15, 16, and 17 of that township. It is excep- 
tionally well exposed on Bitter Creek near, the 
east line of sec. 8. Massive iron-gray fine- 
grained arkosic sandstone that weathers to 
irr^ular brownish outcrops forms the most 
prominent part of the formation here, but 
bedded with this sandstone are shaly sandstone 
and clay shale. The shale is precisely like that 
which forms the upper part of the formation 
in this part of the r^ion. It is black when 
fresh but weathers to a dark chocolate color, 
is sandy, and occurs in very irregular lenses. 
This mixed succession of massive sandstone and 
carbonaceous shale is excellently exposed in 
the canyon of Bitter Creek in sees. 17 and 20, 
T. 10 N., R. 23 W., where the lenticular charac- 
ter of the beds is well shown. In one place 
in the wall of the canyon a bed of sandstone 
2^ feet thick wedges out within a distance of 
10 feet along the strike. The lenticularity 
of the larger bodies of sand is of necessity not 
so clearly shown in the outcrops as that of 
these small lenses, yet in relation to their 
thickness the large bodies of sand are no more 
continuous than the small ones. On the whole 
tluB lower part of the Vaqueros formation 
becomes gradually more shaly toward the top, 
grading into the overlying shaly division of the 
formation. Fossils occur sparingly throughout 
the lower division and were found most abim- 
dantly near the top of it, where they occur in 
irregular light-gray sandy limestones a few 
inches thick. The species found are not, how- 
ever, very characteristic of the lower Miocene 
but have a fairly long range. 

The upper shaly division of the formation is 
best exposed between the headwaters of Bitter 
109288*— Id 3 



and Santiago creeks and near the mouths of 
these creeks, on the south flank of the Cienaga 
sylicline. Most of this division is composed of 
thin-bedded clay shale that is almost black 
when fresh but weathers quickly to a chocolate 
color or even to a grayish white. The shale is 
usually somewhat sandy and in a measure 
resembles the dark shale that occurs near the 
top of the Tejon on San Emigdio Creek. Inter- 
stratified with the shale are irregular or lentic- 
ular beds of fine sandstone fi few inches thick 
and also thin beds of calcareous sandstone that 
weathers reddish brown. Most of these calcare- 
ous layers are filled with irregular bits of gray 
shale which give a mottled or blotchy appear- 
ance to the rock or which weather out and form 
a minutely cavernous surface on the outcrop. 
In places sandstone forms 60 per cent of this 
division, but usually not over 20 per cent. 

Part of the shale that forms the upper divi- 
sion of the Vaqueros formation here evidently 
contains a large amount of diatom remains, 
like the overlying Maricopa shale, and it is 
possible that a large part of the dark carbona- 
ceous shale at one time contained the remains 
of these minute marine plants, although under 
the microscope no trace of them can now be 
seen. Their absence now can not be taken to 
mean that these organisms may not originally 
have been contained in the shale, for the 
siliceous skeletons, which are the only traces 
of these plants that are now found in the truly 
diatomaceous shales, are so delicate that they 
would have been dissolved readily in the 
oiganic acids that must have been formed in 
the decay of the coarser vegetable matter that 
furnished the carbonaceous matter with which 
the shale is now filled. The shales contain 
large quantities of alkaline salts, and although 
small springs are niimerous in the deep canyons 
near the San Andreas fault, all furnish water 
so charged with mineral salts as to be valueless. 

The upper division of the Vaqueros is poorly 
exposed along the south flank of the Cienaga 
syncline, but the beds here appear to be slightly 
more sandy than they are on upper Santiago 
Creek. They seemingly grade upward into the 
overlying Maricopa shale, the line of separation 
having been drawn in sees. 3 and 4, T. 10 N., 
R. 23 W., at the top of a sandy zone containing 
fragments of pectens and stained slightly red- 
dish. Above this zone the beds are more 
markedly shaly. 



84 



THE SUNSET-MIDWAY OIL FIELD, CALIF. — PART I. 



AREA ALONG PIONEER ANTICLINE. 

The Vaqueros formation as exposed along the 
Pioneer antichne east of Cienaga Canyon is com- 
posed of rather shaly sandstone and dark clay 
shale that are the equivalent of the upper or 
shaly division of the formation as exposed 
south of the Cienaga synclind. The massive 
sandstones characteristic of the lower part of 
the formation do not crop out here, and the 
beds weather easily to form a belt of low re- 
lief, which west of Cienaga Canyon is boimded 
by ridges formed of the more resistant Maricopa 
shale. The Vaqueros formation is much more 
sandy than the overlying Maricopa shale, yet a 
very large proportion of the formation is com- 
posed of carbonaceous and probably in part 
diatomaceous shale. It is believed probable 
that the formation becomes much finer grained 
toward the norths and that coarse sandstones 
are even less abundant in it where it lies buried 
beneath the younger deposits that fill San Joa- 
quin Valley than they are where it crops out 
along the Pioneer anticline. The probabiUty 
that the rocks of the formation are fine grained 
where it is covered by the more recent deposits 
is suggested by the fact that they become pro- 
gressively finer grained westward along the 
north flank of the San Emigdio Moim tains, and 
in the Temblor Range west of the area mapped 
the formation contains a large amoimt of clay 
and diatomaceous shale. The less indiuttted 
sandy beds are impr^nated with gypsum that 
has been concentrated near the surface by the 
upward movement and evaporation of meteoric 
water. The deposits of gypsite, as this gyp- 
siferous sandstone is called, are most abundant 
east of Cienaga Canyon, and that area is dotted 
with trenches that have been dug as assessment 
work to hold the land, which has been located 
under the provisions of the placer-mining law. 
like the shale near the headwaters of Bitter 
Creek, thd Vaqueros formation here contains 
considerable sulphur, and locally in sees. 27 
and 28, T. 11 N., R. 23 W., both it and the 
overlying gravelly beds, which are probably 
part of the Paso Robles C Tulare'') formation, 
are heavily impregnated with sulphur. 

AREA ABOUT SUNSET OAMYON. 

In the vicinity of Sunset Canyon dark- 
colored sandstones which aggregate about 
5,000 feet in thickness are mapped as the Va- 
queros formation. The base of the formation 



is not exposed here, for the beds are faulted up 
against the overlying Maricopa shale. The 
lower 1,000 feet of the formation consists 
mainly of fine-grained sandstone and shaly 
sandstone that weather easily to a belt of low 
relief. Above this lower division is about 
2,300 feet of soft greenish-gray sandstone, that 
weathers greenish brown, with many b^ds of 
indurated sandstone 4 to 6 feet thick. Near 
the middle of this divi^on are two zones of 
somewhat cavernous - weathering indurated 
sandstone, each about 100 feet thick. Above 
this division is 700 feet of interstratified poorly 
consolidated fine-grained sandstone and resis- 
tant calcareous sandstone in beds 3 to 10 feet 
thick that weather to prominent reef-like out- 
crops. These calcareous beds contain abun- 
dant finely ground shell fragments, mainly 
oysters, barnacles, and pectens. The rocks of 
this division become finer grained and less cal- 
careous toward the top, grading into those of 
the overlying division. The upper 1,000 feet 
or so of the formation is composed of inter- 
stratified sandstone and diatomaceous clay 
shale. In the lower half of this division shale 
predominates and the interbedded sandstone 
is fairly well indurated ; in the upper half sand- 
stone predominates. In the upper part of 
this division the sandstone is softer and lighter 
colored than that in the lower part, and the shale 
weathers almost pure white, in contrast to the 
pinkish outcrops of the shale in the lower half. 

DIPO&TAirOS WITH BSLATIOV TO PST&OLKUX. 

The shaly beds that constitute the upper part 
of the Vaqueros formation west of Cienaga Can- 
yon are in part diatomaceous and contain a very 
considerable amount of carbonaceous material. 
Shales of this type, especially those that are 
formed largely of diatomaceous material, are 
regarded as the source of petroleum in the oil 
fields in this part of California, and in places 
in the area shown on the geologic map 
(PI. II), notably along the axis of the Pioneer 
anticline, the Vaqueros formation contains 
beds saturated with oil. This part of the 
formation should be critically examined, and 
the character, thickness, and structural rela- 
tions of the beds composing it should be de- 
termined. These features of the Vaqueros 
appear most favorable for the concentration 
of oil along the Pioneer anticline. 

The Vaqueros formation differs from the 
overlying Maricopa shale, which is probably 
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the source of most of the oil in the Sunset- 
Midway field, in that it contains a very con- 
siderahle amount of sandstone interstratified 
with the shale. These sandy heds would 
probably serve as reservoir in which much of 
the oil that originated in the shale would 
collect in places where the structure favored 
its concentration and retention. The Maricopa 
shale contains relatively little sandstone, and 
the porous beds that serve as the reservoirs 
in which oil has collected are chiefly those that 
rest un(M)nfonnably upon the shale. This 
difference in the abundance and position of the 
sandy beds acting as reservoirs for oil is of 
considerable importance, for within the forma- 
tion in which the oil originated the conditions 
favor the formation of a nmnber of relatively 
small, discontinuous pools, whereas in the heds 
unconformably overlying that formation the 
conditions favor the formation of a much 
more widespread and probably much richer 
pool. 

Within the main part of the Simset-Midway 
field, in which oil is obtained from the beds 
overlying the Maricopa shale, the Vaqueros 
formation ia far too deeply buried to be 
reached by the drill, and it may be disregarded 
as a prospective source of petrojexun. 

MARICOPA SHALE (MIDDLE MIOCENE). 

OSHXRAL CHAHAOTEB AHD STBATIO&APHIO 

BXLATZ0H8. 

The Maricopa shale is composed mainly of 
thin-bedded siliceous, diatomaceous shale con- 
taining numerous thin calcareous layers and 
in the lower part a relatively small amoimt of 
arkosic sandstone, but in the upper part 
numerous lenses of arkosic sandstone and 
boulder beds. It is typically developed in the 
gulch that drains northward through sees. 
13 and 24, T. 11 N., R. 24 W., where the 
exposed thickness is about 4,800 feet. The 
shale rests conformably upon the Vaqueros 
formation and is overlain unconformably by 
the Etchegoin formation.^ Good evidence 
of the relation of the Maricopa shale to the 
Etchegoin is difficult to obtain from the 
outcrops, for in most of the foothill belt west 
of the Midway field the shale-pebble beds of the 
Paso Robles C* Tulare'') formation overlap 
the Etchegoin and rest directly upon the 
Maricopa shale. A study of the undergroimd 

> M treated in tbJa report the Etchegoin formation probably includes 
a representative of the Jacalitos formation at the base. 



conditions as revealed by the well records 
shows that the Etchegoin was deposited in a 
sea that was transgressing westward over the 
Temblor Range, and in consequence the lower 
beds of the Etchegoin wedge out in that direc- 
tion. This relation is shown in the geologic 
sections of Maricopa Flat (Pis. XXVIII- 
XXXI). 

Southeast of the town of McKittrick, at the 
north end of the area shown on the geologic 
map (PI. II), the Maricopa shale is overlain 
unconformably by a fine-grained grayish or 
brownish arkosic sandstone with beds and 
lenses of coarse sand and pebbly layers, mapped 
as the Etchegoin formation. At the west end 
of the prominent 1,210-foot hill in the NE. \ 
sec. 29, T. 30 S., R. 22 E., just east of the main 
wagon road between McKittrick and Midway, 
these beds contain abundant specimens of 
Peden ddredgd. The relation of the Etche- 
goin here to the underlying Maricopa shale has 
been described by Arnold and Johnson.' 

Less than one-fourth mile due south of the Dabney 
(now the Providence) headquarters, and just east of the 
Midway road, is an isolated hill of grayish sandstone which 
appears to be a closely appressed syncline of McKittrick 
formation [Etchegoin formation of McKittrick group 
folded into the underlying Santa Maigarita (?) [Maricopa 
shale]. Immediately south of this hill and parallel to it 
is a small lens of fine-grained brownish sandstone about 
18 feet thick, which is apparently interbedded in the 
vertical shale but shows at one place that it has been 
either pushed or sifted into fractures which cut across the 
bedding of the inclqping shale. The lens contains small 
flhale inclusions. It has the peculiar oblique and more or 
less angular jointing common to sandstone dikes and 
shows on the weathered surface a semiconcretionary 
structure. If this small area is a sand-filled fracture, the 
source of the material is obscure. The sandstone is weU 
impr^:nated with oil. One-half mile cast of here and 
north of the axis are similar masses of sandstone, but 
their relation to the shale is much clearer. At this 
point the anticline is overturned toward the north- 
east so that the sandstone, which is roughly parallel to- 
the bedding of the shales, dips very steeply southwest. 
Its contact with the shales, especially on the south, is very 
irregular and indicates that the surface of the shales must 
have been pitted and honeycombed before the sands 
accumulated. Irregular masses and lenses of shale within 
the sand itself are harder to explain but may be fragments 
fallen from an overhanging bluff of shale during deposi- 
tion of the sand upon a weather-beaten and precipitous 
rocky shore. The presence of an irregular scattering 
conglomerate of dark porphyry, schist, quartz, and granite 
pebbles at the base of the sandstone further emphasizes 
the likelihood of such an origin. Above the sandstones 

s Arnold, Ralph, and Johnson, H. R., Preliminary report on the 
McKitttick'Simset oU region, Calif.: U. S. Oeol. Survey Bull. 406, p. 68, 
1910. 
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(to the nartheast) are conformable beds of rather soft 
greeniflh to cream-colored argillaceous ahalea of McKit- 
trick [Paso Robles] age, and hence it is practically assured 
that ihe sandstones are the basal beds of the post-Santa 
Margarita (?) [Maricopa shale] formation. They continue 
to the southeast along the flank of the fold for nearly 2 miles 
and form an important oil-bearing bed. 

The unconformity between the Etch^oin and 
the lower part of the Maricopa shale is excel- 
lently well shown in the foothUls of the San 
Emigdio Mountains near Muddy Creek. Plate 
X, B, shows a view of the unconf onnity in that 
locality. 

The unconformable relation existing in the 
San Emigdio Moimtains between the Santa 
Margarita formation and the overlying Etche- 
goin formation is discussed in the section deal- 
ing with the Santa Margarita formation (p. 42) . 

OOITDITIOHS OOVEBinxra DZPOSITIOir. 

The conditions .under which the Maricopa 
shale was deposited are not thoroughly under- 
stood. Fine shales composed so largely of the 
remains of diatoms are not at all common in 
other parts of the world, and it would appear 
at first sight .as if the shale here was deposited 
imder special and local conditions. But the 
Maricopa shale, or lithologicaUy similar shale 
that is its stratigraphic equivalent, is wide- 
spread in the Coast fianges of California, and, 
moreover, shales of like character, which also 
have a wide distribution, occur in this same 
province at still other horizons between the top 
of the Cretaceous and the toji of the Miocene. 
It seems unlikely, therefore, that the conditions 
which governed the deposition of the Maricopa 
shale were very much out of the ordinary. 

From the fine-grained character of the shale 
it was evidently deposited in quiet water, not 
necessarily in deep water, nor even at any 
considerable distance from shore, but at least 
in a basin into which few large or torrential 
streams emptied. 

Because of the fact that the diatomaceous 
deposits which are forming in the present oceans 
are found at great depths, it has been supposed 
by many that these deposits of diatomaceous 
shale were also laid down in very deep water 
and that they are in fact lithified diatom oozes. 
It should be noted, however, that the Maricopa 
shale and indeed all the thick formations of 
diatomaceous shale in California contain a large 
amoimt of detrital matter, and, although cer- 
tain beds may be made up principally of the 
remains of diatoms, when viewed as a whole the 



formations appear rather as diatomaceous 
day shales than as clayey diatomaceous de- 
posits. The facts that they contain so much 
detrital material and that coarse beds which 
clearly were deposited in the littoral zone 
appear at so many horizons show that these 
deposits of diatomaceous material can not be 
considered deep-sea deposits. 

Recently Branner ^ has suggested an in- 
genious hypothesis to account for the occur- 
rence of these deposits. After pointing out 
that diatoms flourish in the colder waters of the 
ocean, he says: 

Ab these organisms perish their siliceous skeletal re- 
mains sink slowly to the bottom, especially in those places 
where thie currents are not strong enough to sweep them 
along. In this connection attention is directed to the 
geography of the coast of California during the geologic 
period when our greatest deposits of diatomaceous shales 
were being laid down. The geology of California suggests 
that the region of the present Coast Ranges was an archi- 
pelago, separating the sea that filled the great valley on 
the east from the open ocean on the west. The marine 
currents that flowed southward from Alaska brought down 
great quantities of marine algae, the diatoms floating as 
usual near the surface. Once within the zone of islands 
these floating materials were probably driven into the 
cul-de-sac at the lower or southern end of the present San 
Joaquin Valley, where the granite mountains of the Sier- 
ras bend westward and northwestward. Here the prevail- 
ing winds of the region are from the north during the greater 
part of the year, and materials canied at or near the sur- 
face of the water could not escape if , as is assumed , the 
embayment was fairly well closed at the extreme southern 
end. It is exactly here, at and around at the extreme 
southwestern comer of the San Joaquin Valley, that the 
deposits of diatom skeletons are thickest. The total 
thickness of these shales is here more than 5,000 feet. In 
general these diatomaceous shales thin out towanl the 
north and are inconspicuous in the geology north of San 
Francisco. 

It is not to be expected that the theory here put forward 
to explain accumulation under the circumstances men- 
tioned is competent to account for all diatomaceous de- 
posits and much less for all depositB of petroleum. Even 
in this instance it is evident that all of the diatoms were 
not caught in the angle of the coast; some of them were 
never canied to the landward of the coast archipelago, 
while others escaped to sink farther down the coast. 

It is believed, however, that the prevailing winds, in 
this instance at least, have been an important factor in 
the accumulation of the oil-bearing deposits. 

This hypothesis, although at first sight 
somewhat surprising; has much to recom- 
mend it, for it suggests an explanation of the 
intercalation of fine diatomaceous shale with 
coarse sandstones and boulder beds such as 
is characteristic of the upper part of the 
Maricopa shale. As has been shown in the 

1 Branner, J. C, Oeol. Soc. America Bull., vol. 21, pp. 04-95, 1013. 
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description of the Vaqueros fonnation, the 
eastern portion of the region sho^ on the 
geologic map (PI. 11) stood at a considerable 
elevation above the sea during Oligocene and 
early Miocene time, while the western portion 
of the San Emigdio Moimtains and much if. 
not all of the Temblor Range was submerged. 
Owing to a gradual subsidence of the whole 
region, the sea gradually encroached upon the 
land mass in the eastern part of the San 
Emigdio Mountains until, at the end of the 
time during which the Vaqueros formation 
was deposited, the sea must have submeiged 
most of those moimtains and covered the 
south end of the Temblor Range to a depth of 
several himdred feet. This submergence con- 
tinued through much of the Miocene epoch, 
and, although oscillatory movements varied 
the depth of water, it seems probable that for 
no considerable part of this time did this area 
lie close to the margin of the sea. Also it is 
probable that the land masses in this general 
region had been reduced to relatively low 
rdief by the erosion that they had suffered 
during early Miocene time. Thus relatively 
little detrital matter was brought into the 
basin of deposition and that which was laid 
down was fine grained. 

Toward the end of the period during which 
the Maricopa shale was deposited there ap- 
pears to have been a rejuvenation of the 
streams that emptied into the sea in which the 
shale was being laid down. These streams 
carried into the sea great quantities of sand, 
gravel, and boulders of granitic material, but 
the streams were few, and the time during 
which any one stream carried in coarse mate- 
rial does not seem to have been very long. 
In consequence the beds of coarse material 
are very lenticular. 

BXSTBXBVTXOV. 

The Maricopa shale within the area mapped 
crops out in a broad belt that occupies the 
higher part of the Temblor Range and ex- 
tends southeastward to the vicinity of San- 
tiago Creek. This area is the southeast end 
of the belt of outcrop that occupies much of 
the south end of the Temblor Range. The 
formation continues to the east, underlying 
much if not all of the south end of San Joaquin 
Valley, and the sandy beds that crop out in 
the foothills near Kern River on the east side 
of the valley are In part its equivalent. The 



Maricopa shale is the equivalent of the dia- 
tomaceous beds mapped as the Monterey 
shale ^ in the Santa Maria region, some 40 
miles to the west. 



UTHOLOGT. 



GENERAL CHARACTER. 



THq Maricopa shale in the central part of 
San Joaquin Valley is regarded as the great 
feeding grotmd from which was obtained a 
large part of the oU that is now concentrated 
in the foothills at the border of the valley. 
As the oil is believed to have been derived 
from the remains* of organisms contained in 
the shale, the character of the shale beneath 
this vaUey filling is an important factor in 
any consideration of the petroleum in the 
foothills. There is, of course, no direct evi- 
dence regarding the character of the buried 
shale, but from the facts that the shale is 
very diatomaceous at its easternmost expo- 
sure in the San Emigdio Mountains and that 
the beds of the Monterey group near Kem 
River, although evidently laid down close to 
the eastern margin of the basin of deposition, 
are laigely fine grained, it seems probable 
that the Maricopa shale maintains in most if 
not all of the south end of the valley beneath 
the cover of yoimger formations the char- 
acter typical of it in the Temblor Range. 

In the Temblor Range and in the east end 
of the San Emigdio Mountains the Maricopa 
shale is divided into two parts, the lower part 
composed chiefly of hard siliceous shale contain- 
ing few coarse sandy lenses, and the upper 
part made up largely of soft, ''punky" shale 
with many lenses of coarse gravel or boulder 
beds. It must be remembered, however, that 
the separation is based on lithology and the 
line shown on the map does not mark a definite 
stratigraphic horizon. 

LOWER DIVISION. 

AREA IN THE 8AK EMIQDIO MOUNTAINS WEST OF SAN 

EMIODIO CREEK. 

The lithologic character of the Maricopa 
shale is relatively constant throughout the 
eastern flank of the Temblor Range and the 
west end of the San Emigdio Mountains. As 
a rule deposits of diatomaceous shale are 
remarkably constant when compared with the 
other Tertiary formations in this region, and 
although the middle part of the Maricopa shale 

'U. 8. Geol. Survey pull. 322, pp. 33-52, 1907. 
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is more siliceous, finer grained, and thinner 
bedded than either the upper or lower parts, 
the beds do not vary greatly along the strike 
in the manner so characteristic of the other 
Tertiary formations in the region. 

The lower part of the Maricopa shale where 
exposed along the Cienaga syncline is com- 
posed of sandy shale and fine angular-grained 
gray sandstone in alternating beds that 
range in thickness from a few inches to a few 
feet. Many of the sandstone beds are indu- 
rated by a calcareous cement and weather out 
slightly from the sandy shale, as likewise do 
numerous beds of impure limestone, or limy 
clay shale, black when fresh but weathering 
light yellow. Near the base of the formation as 
mapped on the south Umb of the Cienaga 
syncline some of the sandy beds are stained 
reddish and a few fragments give an oily odor 
when broken. 

The Maricopa shale is well developed on the 
north limb of the Pioneer anticUne south of 
Pioneer, and the type section of the formation 
is exposed in the canyon that drains northward 
through sees. 13 and 24, T. 11 N., R. 24 W., 
past the old Sunset refinery. The following 
section was measured in this canyon: 



Section of the Maricopa shale south of Pioneer. 



Page. 



Sandstone and shale, soft "earthy" diatomaceous 
shale interbedded with rather poorly consolidated 
white sandstone, usually of medium grain but in 
places finely conglomeratic. Locally indurated 
and containing a few fossils, mainly laige oysters 
and pectens. Calcareous lenses are rare 500 

Shale, diatomaceous; weathers to pinkish outcrops. 
Contains relatively few calcareous layers like those 
common in underlying division 600 

Shale, diatomaceous, like that in overl>ing division 
but containing numerous lenses of impure lime- 
stone or fine sandy calcareous clay that weathers 
to yellowish outcrops. This zone weathers less 
easily than the overlying and underlying divisions 
and determines a prominent line of hills 800 

Shale, siliceous, thin bedded, brittle, diatomaceous, 
dark when fresh but weathers to light chocolate- 
colored or almost white outcrops. Calcareous 
beds or lenses like those in the overlying beds are 
scattered throughout. Shale somewhat clayey 
and sandy near tlie base 2, 7^ 

Clay shale, somewhat sandy, containing less diatom 
remains than the overlying division and weather- 
ing to darker outcrops. Grades into sandy shale 
of underlying Vaqueros formation 150 



4,800 



ASSA IN THB TEMBLOR RAKOB. 

In the higher part of the Temblor Range 
west of the Sunset and Midway fields the 
Maricopa shale has been flexed into a great 
number of folds. The position of the larger 
folds is shown on the map, but there are a great 
many small wrinkles or cnunpled areas much 
too smaU to be mapped, and the structural 
details are far more complex than would appear 
from a strict interpretation of the lines that 
are shown. The lower part of the Maricopa 
shale is exposed in the southwest comer of 
T. 32 S., R. 23 E., where it consists of inter- 
bedded massive sandstone and sandy shale 
that weather to chocolate-colored outcrops. 
These beds are similar to those that occur near 
the base of the formation south of Maricopa, 
and, as in that region, they constitute a grada- 
tion into the imderlying Vaqueros formation. 

The main part of the lower division is com- 
posed of thin-bedded brittle shale, highly 
siliceous, in places really flint or chert. Cal- 
careous layers, usually a little more sandy than 
the inclosing shale, are abundant, and as they 
weather a little less easily than the shale they 
form prominent yellowish outcrops that can be 
traced with the eye for long distances across the 
barren spur ridges on the eastern slope of the 
Temblor Range. At many places the shale is 
stained purplish, probably by the oxidized 
product of some hydrocarbon, either oil or gas. 
Such coloring is most pronounced where the 
shale is overlain, unconformably by the late 
» Tertiary or younger beds, as in the E. i sec. 32, 
T. 12 N., R. 24 W., but it is noticeable also in 
the steeply tilted shale at various horizons 
within the formation. 

Toward the top of the lower division many 
beds of arkosic sandstone are interstratified 
with the thin-bedded diatomaceous shale. 
These beds range from fine pulverulent gray 
sand that forms inconspicuous outcrops to 
pebbly sandstone that is indurated by the 
addition of a calcareous cement and weathers 
out prominently. The soft pulverulent sands 
are fairly well exposed north of the 1,773-foot 
hill 2 miles west of Maricopa. From tliis 
locality they may be traced northwestward 
into sees. 34 and 35, where they are indu- 
rated and weather to prominent outcrops just 
south of the old Califomian Amalgamated 
water wells. Farther northwest, in the north- 
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eastern part of T. 32 S., R. 23 E., sandy beds 
occur at several horizons in the upper half of 
this lower division of the Maricopa shale. 

These arkosic sandstones are identical in 
lithol<^c character with the finer-pruned 
sandstones that are interstratified with soft 
diatomaceous shale and coarse boulder beds 
in the overlying upper division of the forma- 
tion, and in places, notably in the center of 
sec. 13, T. 32 S., R. 22 E., they resemble the 
beds in the upper division in containing frag- 
ments of lai^ oysters and pectena. Thus, it 
is apparent that no sharp line can be drawn 
here between the two divisions, and it seems 
more reasonable to believe that the whole 
succession of diatomaceous shales mapped as 
the Maricopa shale were deposited in the Tem- 
blor Range during one general period of sedi- 
mentation. Yet even though no sharp line of 
separation can be drawn between the two 
divisions, when viewed broadly they are litho- 
logically somewhat different, the diatomaceous 
shale of the upper division being much more 
earthy and far less silicified than that of the 
lower, and the coarse boulder beds far more 
abundant. 



Diatomaceous shale crops out in an area 
several square miles in extent between San 
Emigdio and Tacuya creeks. This shale 
ranges in character from the hard flinty type, 
containing many calcareous beds that weather 
out to prominent yellowish outcrops, character- 
istic of the lower division of the Maricopa shale 
in the Temblor Range, to the soft, punky 
white Tariety, containing numerous lenses of 
granitic sand and conglomerate which in places 
carry fossils, chiefly lai^e oysters, like the 
coarse lenses in the upper division of the 
Maricopa shale. Characteristic outcrops of 
the platy and fairly pure diatomaceous shale 
in the Pleito Hills are shown in Plate X, A. 

It is probable, indeed almost certain, that 
the shale between San Emigdio and Tacuya 
creeks is the equivalent to both the upper and 
lower divisions of the shale in the Temblor 
Range. The area in which the shale is exposed 
east of San Emigdio Creek b, however, so shat- 
tered by faults and contains so many huge 
landslides that it is quite impossible to interpret 
the structure and relations of the shales with- 
out spending a great amount of time — far 



more than the writer had at his disposal. On 
the map, therefore, the separation of the 
Maricopa shale into the upper and lower divi- 
sions is indicated in only a small area along the 
axis of the Pleito syncline. 

The shale mapped as' Maricopa in the hills 
due west of El Rincon is less indurated than 
the Maricopa shale in which the upper slopes 
of the Temblor Range are cut, is as a rule 
somewhat more sandy, and weathem to a 
light chocolate-brown rather than white. Car- 
bonaceous matter is fairly abundant in it, and 
in a few places siUcified wood and leaf impres- 
sions were found. The character of the ex- 
posures make an estimate of the thickness of 
the shale here impossible. 

Near Muddy Creek is a narrow belt of out- 
crop of white diatomaceous shale which dips 
steeply northward, being almost vertical in 
places, and is overlain with marked uncon- 
formity by dark clay shale of the Etchegoin. 

! .... 



FiovBB 4,— Section of rocks exponed on Undd; Creek, a, AthiTJum: 
b, Ps» Robka fOnnatlaa: t, Elchegoln lofmatlon: i, Uirin>p)i ilule 

(lower tWD-lhiidi). 

The shale itself is precisely like the typical 
Maricopa shale exposed near Pioneer, is highly 
siliceous, weathers almost pure white, and 
contains nimierous yellowish-weathering cal- 
careous beds. Its general character and the 
unconformable relation it bears to the overlying 
Etch^oin are well shown in the diagrammatic 
section given in figure 4. 



r CROCKKR spRiNas. 



North of Crocker Springs the upper part of 
the Maricopa shale is exposed in several areas 
where erosion has removed the cover of gravelly 
beds of the McKittrick group. Although the 
beds included in the Maricopa shale in the 
different areas are sufficiently alike to make 
their correlation certain, yet they are by no 
means of constant type, and there is a gradual 
increase westward in the amount of coarse 
material. 
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Along the Shamrock anticline in sees. 27, 28, 
29, and 34, T. 30 S., R. 22 E., the Maricopa 
shale is composed of soft, pimky diatomaceous 
shale with very little interstratified sandstone 
and none of the lenses of coarse boulders so 
common farther west. * It weathers easily to a 
very loose, fluffy soil, and its outcrops usually 
occupy an area of low relief, for the shale is 
much less resistant than the overlying sandy 
and gravelly beds of the McKittrick. 

In the eastern part of the Telephone Hills the 
Maricopa shale is composed of clayey diatoma- 
ceous shale which is much more resistant to 
erosion than that in the Shamrock anticline 
and which, although stained pinkish, does not 
show so great impregnation by oil as the shale 
south of McEattrick. The Maricopa shale is 
here faulted up on the east against the coarse 
detrital beds of the Paso Robles and is over- 
lapped on the west by beds of that formation 
in the syncline that trends northwestward 
through the center of the Telephone Hills. 

Along the anticline trending parallel to the 
road south of the Santa Fe tank house in 
sec. 18, T. 31 S., R. 22 E., the Maricopa is 
chiefly very soft white diatomaceous shale. In 
the area exposed north of the tank house dia- 
tomaceous shale of this type is interstratified 
with coarse gravelly beds, composed largely of 
fragments of granitic rock and resembling 
closely the beds that form so prominent a part 
of tl^e upper division of the Maricopa shale 
west of Midway. The coarse beds are in a 
general way so like those in the overlying Paso 
Robles that the separation of th& two forma- 
tions is very difficult, and much of the section 
here included in the Maricopa shale was mapped 
as McKittrick in the preliminary report.' 
Moreover, the rocks are broken by a great 
number of faults, making it difficult, indeed, in 
this area where the exposures are uniformly 
poor, to follow any bed for a considerable dis- 
tance or to correlate the beds exposed in one 
gulch with those shown in another that lies 
but a few hundred feet distant. * 

ABBA IN THE MIDWAY DISTRICT. 

The upper division of the Maricopa shale that 
is exposed along the foothills between Crocker 
Springs and Spellacy Hill (Twenty-five Hill) 
is really the southward continuation of the belt 
exposed in the Telephone Hills, and as in that 
area it is composed largely of soft, punky 

1 U. S. Geol. Survey Bull. 406, 1910. 



diatomaceous shale which has a pinkish-brown 
color when fresh but weathers pure white. 

The thickness of the upper division of the 
Maricopa shale exposed varies greatly owing 
to the unconformable relation of the overlying 
Paso Robles. The thickest section observed 
is that west of Fellows, where between the 
siliceous lower division of the Maricopa shale 
and the shale-pebble beds of the Paso Robles 
about 3,000 feet of diatomaceous shale, in- 
durated sandstone, and coarse gravel is exposed. 

The upper division of the Maricopa shale 
here may be divided into two main parts, the 
lower of which is composed predominantly of 
diatomaceous shale and the upper of inter- 
stratified diatomaceous shale, arkosic sand- 
stone, and coarse boulder beds. The lower of 
these two parts corresponds to the Santa 
Margarita ( ?) formation as mapped in the pre- 
liminary report on the McKittrick-Simset re- 
gion, but the upper part was included in that 
report with the overlying McKittrick. 

The lower part of the upper division has a 
maximum thickness of about 1,500 feet, but 
along most of the foothill belt it averages about 
1,000 feet. The variation in thickness is due 
to the lenticular character of the beds, for the 
separation of the two parts is based upon 
lithologic differences and does not follow a 
stratigraphic line. The shale toward the base 
of the lower part of this upper division of the 
Maricopa shale closely resembles that in the 
underlying lower division, being well lithified, 
thin bedded, and biittle and in places highly 
silicified, porcelaneous, or even flinty in ap- 
pearance. Like the underlying division it con- 
tains yellowish-Weathering calcareous layers, 
but such layers are far less plentiful than in the 
lower division. Moi cover, this lower part of 
the upper division of the Maiicopa shale is 
much less indurated than the shale in the lower 
division, and the separation between the two 
is recognizable in the topography by a distinct 
flattening in the crest lines of the spur ridges 
that trend eastward from the higher part of the 
Temblor range and cut across the striked of the 
beds. The yellow-weathering calcareous 
beds which are so prominent in the lower 
division of the Maricopa shale and which occm* 
sparingly in the basal beds of the upper division 
are lacking in the softer shale. Arkosic sand- 
stones and pebbly beds like those that compose 
so much of the upper part of the upper division 
occur sparingly. They are best developed 
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about 2 miles west of Midoil; where, in the 
NW. J sec. 18, T. 32 S., R. 23 E., a pebbly zone 
may be traced for a distance of about half a 
mile. 

The upper part of the uppep division of the 
Maricopa shale is composed of interstratified 
diatomaceous shale, arkosio sandstone, and 
ill-sorted conglomerate. These beds are best 
developed west of Fellows, where their exposed 
thickness is about 1,500 feet. In sees. 1 and 2, 
T. 32 S., R. 22 E., wtere they are best exposed, 
the lower 100 to 200 feet is massive sandstones 
&nd gravel. These beds crop out just south- 
-west of the summit of the 2,100-foot hill near 
the center of the NW. } sec. 2. Immediately 
Above them is a bed of soft white diatomaceous 
shale not over 100 feet tl^ick that crops out in a 
narrow belt which may be traced from the 
2,100-foot hill southeastward into the SW. { 
seo. 1. Above this diatomaceous shale is about 
500 feet of coarse granitic gravel and indurated 
arkosic sandstone, with a few thin beds of 
diatomaceous shale, most of them less than 20 
feet thick. Above these predominantly coarse- 
grained beds is another zone of diatomaceous 
shale about 200 feet thick. This shale is made 
up very lai^ly of the remains of diatoms that 
have been altered so httle by crushing or by the 
addition of siliceous material that they are 
readily visible to the eye without the aid of a 
magnifying glass. This shale may be traced, 
on the south flank of the syncline that trends 
northwestward through sees. 1 and 2, from tiie 
SW. i sec. 27, T. 31 S., R. 2l2 E., to the vicinity 
of the southeast comer of sec. 1, T. 32 S., R. 
32 E. ; and along the anticline that lies east of 
the syncline mentioned, from the northern part 
of sec. 35, T. 31 S., R. 22 E., to the west line of 
sec. 6, T. 32 S., R. 23 E. It is the uppermost 
shale formed largely of diatomaceous material 
that is exposed in the Midway region. The 
beds above it that are here included in the 
Maricopa shale consist of coarse granitic con- 
glomerate and arkosic sand, some of which is 
well indurated and weathers to prominent 
outcrops. These beds are in Uthologic appear- 
ance the exact equivalent of the sand and gravel 
bedded with the imderlying diatomaceous 
shale. On this accoimt, and also because some 
of the indurated sandstone contains pectens 
and oysters similar to those that were found in 
the upper division of the Maricopa shale farther 
south and in the lower division in the E. i sec. 
13, T. 32 S., R. 22 E., the gravel and sand above 



the uppermost diatomaceous shale just de- 
scribed are included in the Maricopa shale. 
The sandstones in which the best fossils were 
found lie in the NE. i NW. i seo. 2, T. 32 S., 
R. 22 E. The only forms found here were 
Pecten estreUanus and a large oyster, probably 
Ostrea iiian. Either of these fossils might occur 
in the lower part of the McKittrick group, but 
it is thought that the beds are more properly 
to be considered as part of the Maricopa shale, 
because the same species are found in rock of 
the same type at several horizons in the Mari- 
copa shale in other parts of the area shown on 
the geologic map. 

The sandy beds in the upper division of the 
Maricopa shale along the foothills west of Mid- 
way are impregnated with oil at many places, 
especially where they are in contact with the 
diatomaceous shales, and it is from these sands 
that some of the wells in the region about 
Fellows derive their oil. 



AREA IN THE FLEITO HXLLS. 



In the east end of the Pleito Hills near Salt 
Creek diatomaceous shale, granitic sand, and 
boulder beds occupy the trough of the Pleito 
syncline. The beds are believed to be the 
equivalent of those forming the upper part of 
the Maricopa shale in the Temblor Range, and 
the separation of the Maricopa into upper and 
lower parts is shown equally well in both 
places although it is made entirely on Uthologic 
grounds. The presence of these beds occupy- 
ing the trough of the Pleito syncline in contact 
with the underlying Vaqueros formation must 
mean that in this part of the region the Mari- 
copa shale is separated by an unconformity 
from the Vaqueros. Yet in spite of this evi- 
dence the fact still remains that in most of the 
region, particularly in the west end of the San 
Emigdio Mountains, the Maricopa shale and 
the Vaqueros formation appear to be perfectly 
conformable, and, as explained on page 41, the 
writer behoves that the unconformity is local 
and that sedimentation continued uninter- 
ruptedly in most of the region during the time 
in which the Vaqueros and Maricopa were 
deposited. 

XMPOBTAVCS WTTK REULTZOV TO PSTBOLBXTX. 

The fine-grained diatomaceous shales in the 
Maricopa shale are considered the idtimate 
source of oil in the south end of San Joaquin 
Valley. These shales are formed largely of the 
remains of diatoms and foraminifers, but they 
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contain also in places a considerable amount 
of carbonaceous material, probably derived 
from terrestrial vegetation. The oil is believed 
to have been formed mainly by the decompo- 
sition of the minute marine organisms, but 
very probably the decomposition of the ter- 
restrial matter also furnished, some oU. The 
oil has collected in part in sandy beds that 
are intercalated with the shale but chiefly in 
the porous beds of younger formations that 
rest unconformably upon the shale. 

The Maricopa shale is therefore both the 
ultimate source and a present reservoir of oil, 
and in attempting to estimate the potential 
oil value of a certain region it is important to 
know the character and attitude of the beds 
composing this formation, and also the rela^ 
tion this formation holds to the younger 
formations that rest upon it, for it is in the 
younger forpiation that rests unconformably 
upon the diatomaceous shale that the petro- 
leum is now chiefly contained. 

SANTA MARGARITA FORMATION (MIDDLE MIO- 
CENE). 

OSHXRAL CHARACTER AHD STRATiaRAPKIC 

RELATXOirS. 

In the western part of the San Emigdio 
Moimtains are beds of coarse or even pebbly 
sandstone which are clearly littoral deposits 
and contain abundant invertebrate fossils. 
These beds are the near-shore equivalent of 
the diatomaceous shales that constitute the 
upper part of the Maricopa shale in the Tem- 
blor Range. They are shown separately on 
the geologic map (PI* H)? because they are of 
distinct Uthologic type and because the fauna 
they contain permits a definite correlation with 
the typical Santa Margarita. 

These sandy beds composing the Santa 
Margarita are nowhere exposed resting upon 
the diatomaceous shale that forms the lower 
part of the Maricopa shale but overlap that 
part of the section and rest unconformably 
upon the older Tertiary formations — the 
Vaqueros and Tejon. 

The Etchegoin formation (upper Miocene 
and PUocene) evidently rests unconformably 
upon the Santa Mai^arita in the San Emigdio 
Mountains, and the relations are best shown 
in the foothills between Santiago and San 
Emigdio creeks. At the seep on Muddy 
Creek the Pseudocardium gabbi beds of the 
Etchegoin rest upon the Maricopa shale, but 



only a Uttle more than a mile south of this 
seep they rest upon the fossiliferous Santa 
Margarita in the north flank of a small anti- 
cline. The overlapping of the Santa Marga- 
rita in this vicinity is shown in the geologic 
cross section E-E' (PI. II). 

LXTKOLOOT. 

In the foothills of the San Emigdio Moun- 
tains between Bitter and San Emigdio creeks 
the Santa Mai^arita is composed of very 
friable conglomeratic sandstone, usually white 
when fresh but weathering yellowish. The 
color of the weathered surface is not uniform, 
for the rock is stained deep yellow in small 
irregular areas or along irregular lines, and 
between these stains it is almost as light 
colored as it is in an unweathered outcrop. 
The weathered outcrops have therefore a 
mottled appearance when viewed closely, or 
a light-yellowish tone when viewed at a short 
distance. These beds form a rather sharp 
contrast to the prevailingly somber-colored 
beds of the upper part of the Vaqueros forma- 
tion, upon which they rest. The sandstone is 
commonly formed of angular fragments whose 
average diameter is between one-sixteenth and 
one-eighth inch, but scattered through the 
sand are many well-rounded pebbles 2 or 3 
inches in diameter of acidic granitic or por- 
phyritic rock and of quartzite. Unlike the 
overlying upper Miocene beds the Santa 
Margarita contains no fragments of the fos- 
siliferous sandstone of the Vaqueros formation 
or of the basaltic and andesitic rocks that 
occur in the Vaqueros in the San Emigdio 
Mountains. The fact that fragments derived 
from the Vaqueros formation and the lower 
part of the Maricopa shale are abundant in 
the McEittrick grdup and yet are absent in 
the Santa Margarita is another indication of 
the existence of an unconformity at the top of 
the Santa Margarita. 

In this western part of the San Em^dio 
Mountains the Santa Margarita is exposed in a 
narrow belt, in the main not more tiian 1,(X)0 
feet across, that extends from the east bank of 
San Emigdio Creek nearly to Bitter Creek. 
The maximimi exposed thickness is about 900 
feet, but usually the formation as exposed is 
much thinner. West of Los Lobos Creek, 
where the Santa Maj^arita is folded into a 
closely compressed syncline, it is only about 
500 feet thick. 
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Fossils are fairly abundant in the Santa 
Margarita between Santiago and San Emigdio 
creeks, and such characteristic forms as Pecten 
estreHanus, Astrodapsis whitneyi (?), Tamioscma 
gregaria, and a large oyster, probably Ostrea 
titan, were collected at many places. The 
shells are particularly abundant near Los Lobos 
Creek. 

ZXPOBTAVOX WZTK RXI^TZOV TO PBTBOLETm. 

The sandy beds composing the Santa Mar- 
garita formation in the hills between San 
Emigdio and Santiago creeks are of relatively 
little commercial importance so far as petro- 
leimi is concerned, for the region in which they 
occur is so broken that the beds can not form 
good reservoirs for retaining oil. 

The Santa Margarita becomes finer grained 
westward toward the Temblor Range, and be- 
neath the valley filling only a short distance 
north of the foothills of the San Emigdio 
Mountains it is evidently composed in part of 
diatomaceous shale. Where the formation as- 
sumes this shaly character it is really to be 
considered a part of the Maricopa shale, and 
the remarks on page 41 regarding the economic 
importance of the shale apply to it. 

MCKITTBICK GROUP (UPPEB MIOCENE, PLIOCENE^ 

AND PLEISTOCENE?). 

DEFZHITIOH' AVD OSHXHAL FXATT7BS8. 

Resting upon the Maricopa shale in the 
Temblor Range and the Santa Margarita forma- 
tion in the San Emigdio Moimtains are the 
beds of gravel, sand, and clay that have been 
described collectively as the McKittrick forma- 
tion.* These beds were laid down in part in 
marine or estuarine waters, but also in part in 
fresh-water lakes or even subaerially, in a 
manner similar to that in which the alluvial 
filling of the present San Joaquin Valley was 
deposited. Their imconformable relation to 
the underlying Santa Margarita formation and 
Maricopa shale is discussed in the descriptions 
of those formations (pp. 35, 42). With the 
overlying terrace deposits and alluvium the 
McKittrick group is perfectly conformable, and 
a separation of it from these deposits is not 
exact. With a single exception all the beds 
that have been folded or noticeably tilted are 
here included in the McKittrick group, and only 
those beds that now lie in practically the same 
attitude that they had when originally de- 

1 U. 8. Qeol. Survey Bull. 400, pp. 74-90, 1910. 



posited are mapped as alluvitmi and terrace 
deposits. The only beds that are tilted to a 
considerable angle which are included with the 
Recent deposits are those about the mouth of 
San Emigdio Creek. The evidence showing 
that these tilted beds are Recent is discussed 
on page 52. 

During the early part of the period in which 
the McKittrick was. deposited the Sunset- 
Midway region was submei^ed beneath marine 
waters, but later it was gradually raised and 
during most of the last half of the period 
practically all of it was either dry land or was 
covered by fresh-water lakes, the condition 
approaching that which now exists in San 
Joaquin Valley. In consequence the beds in 
the lower part of the McKittrick group are in 
general finer and much more uniform in charac- 
ter than those in the upper half. The change 
in the conditions governing sedimentation did 
not take place suddenly, however, nor was it 
ilniform throughout the region, for at one and 
the same time part of the region may have 
been submerged by marine waters and part by 
brackish or fresh waters, while other parts may 
have been raised above the surface of these 
bodies of water, to form land. Moreover, the 
movements that affected the region seem to 
have been oscillatory, permitting the alternate 
advance and retreat of the sea, so that parts of 
the region were at one time covered by marine 
waters, at another raised above sea level and 
undergoing erosion, then occupied by bodies of 
fresh water, at still another time once more 
submerged beneath the ocean. In conse- 
quence the sedimentary beds that were de- 
posited during this period show an exceedingly 
wide range in hthology. 

But despite these local variations, which 
make it difficult to separate the McKittrick 
into definite formations that may be followed 
with precision throughout the field, it is pos- 
sible in places to divide the group into two 
main parts. The lower part, comprising those 
beds that were deposited chiefly in marine 
waters, is correlated with the Etchegoin forma- 
tion of the Coalinga region; the upper part, 
comprising those beds that were deposited 
chiefly tmder conditions much like those now 
existing in San Joaquin Valley, is correlated 
with the Paso Robles C Tulare '0 formation. 
The Jacalitos formation, which in the Coalinga 
region was separated from the Etchegoin for- 
mation mainly upon paleontologic evidence, is 
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not recognizable in the Sunset-Midway region, 
although it may be and probably is represented 
by the lower part of the beds here described as 
Etchegoin. 

The total thickness of the McKittrick group 
can not be estimated from the exposed beds, 
but from the records of the deep wells together 
with the data afforded by the outcrops it ap- 
pears that the group is at least 5,400 feet and 
probably more than 6,000 feet thick. Of this 
the uppermost 2,300 feet of beds are certainly 
to be correlated with the Paso Robles C'Tu- 
lare")) And the lower 2,100 feet with the Etche- 
goin. Nonfossiliferous beds that aggregate 
about 1,000 feet may be either part of the Paso 
Robles or part of the Etchegoin. 

mPO&TAirOX WZTK &XLATIOV TO PBTBOLEXm. 

The McKittrick group contains the chief res- 
ervoirs of petroleum in the Simset-Midway dis- 
trict. Oil that has originated in the diatoma- 
ceous Maricopa shale has moved upward and 
coUected in the porous beds in the lower part 
of the McKittrick group, where structural feat- 
ures, principally anticlinal folds, have tended 
to make it concentrate. The clayey beds and 
also the coarse-grained beds whose porosity has 
been reduced by induration through the addi- 
tion of a cement that has filled the pore space 
between the grains evidently act as impervious 
barriers about the oil-saturated sands, retard- 
ing or perhaps preventing the further migra- 
tion of the oil. The lenticular character of the 
formation is therefore of great importance in 
considering the distribution of the oil, both 
vertically and areally. 

The stratigraphic position of the oil-bearing 
beds is not constant throughout the field, for 
the presence or absence of oil in a certain bed 
is dependent not upon the position that the 
bed holds in the stratigraphic coltunn but upon 
its position in that particular part of the area 
with reference to the diatomaceous shales. In 
most of the field the Etchegoin formation is 
thick enough to offer sufficient storage space 
for all tile oil that has moved up out of the 
diatomaceous shales, and oil is found in it but 
not in the overlying Paso Robles. In parts of 
the field, however, chiefly along the edge of the 
main Temblor Range, the Etchegoin is either 
absent or so very thin that the oil has collected 
in the Paso Robles. The Etchegoin formation 
is, however, the chief oil-bearing formation of 
the district. Natural gas, being more mobile 



than petroleum, has migrated farther and, even 
where the Etchegoin is thick, has concentrated 
very largely in the porous beds of the Paso 
Robles. 

Finally, as the barren beds in the upper part 
of the McKittrick in any part of this field form 
a more or less thick blanket over the oil and 
gas bearing beds, it is important that the thick- 
ness of the group be known in a part of the 
region in which drilling is contemplated, in 
order that the accessibility of the productive 
sands can be estimated. 

STCHZOOnf 70R1CATI0V.1 
8TRATIQBAPHIC RELATIONS. 

In the Etchegoin formation are included the 
beds in the lower part of the McKittrick group 
that were deposited chiefly in marine waters. 
These beds rest imconformably upon the Mari- 
copa shale and also upon the Santa Margarita 
in the San Emigdio Mountains, where that for- 
mation is mapped separately. The relation of 
the Etchegoin to the Santa Margarita and tp 
the Maricopa shale is described in detail on 
pages 35 and 42. 

With the overlying Paso Robles ("Tulare") 
the Etchegoin is perfectly conformable, and the 
separation of the McKittrick group into its 
parts is not easy to make. The acc\u*acy of 
this separation and the reasons for making it 
are discussed in the description of the McEIit- 
trick group (p. 43). 

DISTRIBUTION AND LITHOLOQT. 

The Etchegoin formation is exposed at sev- 
eral points along the eastern flank of the Tem- 
blor Range south of McEattrick and also in the 
north flank of the San Emigdio Moimtains. 
Some of these outcrops are indicated on the 
map, but others, because the belt of outcrop is 
extremely narrow or because sufficient tinae 
was not available to trace out the separation 
between Paso Robles and Etchegoin, are not 
mapped separately, the beds of probable 
Etchegoin age being included with the overly- 
ing Paso Robles. 

The Etchegoin, however, underUes practi- 
cally the whole district beneath the cover of 
the Paso Robles and Recent formations, be- 
coming gradually thicker toward the central 
part of San Joaquin VaDey. 

The beds comprised in the Etchegoin are 
almost wholly near-shore marine deposits, 

1 As here described this formation probably includes a repreeentative 
of the Jacalitos formation. 
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mainly sand, gravel, and clay, which are usually 
only slightly consolidated but which in places 
are indurated by the addition of a calcareous 
cement. On the whole the Etchegoin is much 
finer and more tmiform in grain than the Paso 
Robles. Also as a general rule the Etchegoin is 
finer grained where it lies at some little distance 
from the main Temblor Range than where it is 
exposed along the foothills of that range. 

OUTCBOPS IN THB SAN BMZQDIO MOUNTAINS. 

The Etchegoin formation is exposed in the 
foothills of the San Emigdio Mountains east of 
Santiago Creek. On Plate 11 it is mapped sep- 
arately in the area lying between Santii^o and 
Pleito creeks. It is probably exposed in the 
central part of Wheeler Bidge, but it was not 
found possible to segregate the Etchegoin and 
Paso Robles in that part of the district; and on 
the geologic map all the exposures here are 
shown as Paso Robles. Between Santiago and 
Pleito creeks the Etchegoin is composed 
chiefly of greenish-gray fossihferous clay shale, 
in places somewhat sandy, especially toward 
the base. It has a maximum exposed thick- 
ness of about 800 feet and rests imconf ormably 
upon the white sands and gravels of the Santa 
Margarita formation, as is shown by the com- 
plete overlapping of that formation near Los 
Lobos Creek. Near Muddy Creek, where the 
Santa Margarita is completely overlapped, the 
Etchegoin rests with marked discordance in 
dip upon the diatomaceous shale in the lower 
part of the Maricopa shale. (See PI. X, B.) 
The upper limit of the Etchegoin in this part of 
the area has not been determined definitely, 
and for the present only the fossihferous green- 
ish clay shales and intercalated sandy beds are 
mapped with that formation. The overiying 
beds, which are mainly coarse granitic conglom- 
erate and arkosic sands, are mapped as Paso 
Robles. It is possible that, although the 
upper part of the coarse beds is certainly to be 
correlated with the Paso Robles, the lower part 
may be of Etchegoin eige, for the ^velly beds 
show every evidence of conformity with the 
underlying fossihferous clay shales and are 
lithologically similar to the Etchegoin in the 
Temblor Range. However, the clay shales 
and the gravel have been mapped separately, 
because in that way the complicated structure 
of this region is much more readily interpreted. 
The close relation of the clay shale to the over- 



lying graveUy beds is well shown east of Pleito 
Creek, where between the two formations is 
about 250 feet of brownish sand and fine gravel 
intermediate in character between the shale 
below and the coarse sand and gravel above. 

. The clay shale that makes up the major part of 
the Etchegoin in the foothills of the San Emig- 
dio Mountains is almost black when fresh but 
weathers greenish gray. It is somewhat sandy 
throughout and, especially near the base, con- 
tains beds of fine-grained arkosic sandstone 
and a few pebbly beds. Semiangular frag- 
ments of white diatomaceous shale, evi- 
dently derived from the Maricopa shale, are 
scattered through both the clay shale itself 
and the interstratified sandy beds. West of 
Los Lobos Creek the lower 100 feet of the 
Etchegoin is in places somewhat more sandy 
than the overlying beds and contains a few 
well-rounded cobbles, 2 or 3 inches in diameter, 
of hard rocks evidently derived from the basal 
complex exposed in the central part of the 
range. This part of the formation is filled with 
fossils; the most typical form is Pseudocardium 
gahhi, which occurs in great abundance in a bed 
exposed in Muddy. Creek near the seep. (See 
PI. XI.) 

The Etchegoin between Santiago and San 
Emigdio creeks, to judge from its hthologic 
character and from the fossils it contains, was 
evidently deposited in quiet but relatively shal- 
low marine waters. East of San Emigdio 
Creek, however, no marine fossils were discov- 
ered in the clay, but a few fragments of bones 
of land animals were foimd. These were far 
too poorly preserved to be determined generi- 
cally, but they show that at least a part of the 
Etchegoin here was probably deposited sub- 
aerially or in fresh-water lakes. In places the 
weathered slopes of the Etchegoin bear a strik- 
ing resemblance to those of the less indurated 
f acies of the Maricopa shale, and the soil from 
the two formations is strikingly similar. This 
fact, together with the presence of pebbles of 
diatomaceous shale throughout the Etchegoin, 
shows that that formation was derived in large 
part from a land mass composed principally of 
the Maricopa shale. The coarser, well-rounded 
fragments may have been derived directly from 
a land mass of crjrstalline rocks, but it seems 
probable that they were in part secondarily 
derived — that is, that these granitic fragments 
Were plucked from another sedimentary forma- 
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tion, probably the upper part of the Maricopa 
shale, in which they had been deposited pre- 
viously. 

The predominantly clayey beds in the central 
part of Wheeler Ridge are probably to be cor- 
related with the Etchegoin formation, but the 
lithology of the beds exposed in the ridge is too 
varied to permit a definite separation of them 
into two parts that may be correlated with the 
Etchegoin and Paso Robles formations. The 
section exposed in Wheeler Ridge is discussed 
in some detail in connection with the Paso 
Robles formation. (See p. 51.) 

OUTCROPS IN THB TEMBLOR RANGE. 

The northernmost outcrops of the Etchegoin 
formation within the Simset-Midway district 
are those that lie on the flanks of the Shamrock 
anticline about a mile south of the town of 
McKittrick. Here the Etchegoin is exposed on 
both the north and south flanks of the anticline 
in a belt that is in few places more than 200 
feet across. The formation is here composed 
chiefly of gray arkosic sandstone, locally indu- 
rated but for the most part only poorly consoli- 
dated. In the hill in the NE. { sec. 29, T. 30 S., 
R. 22 E., the basal beds are coarse granitic sand 
with gravelly layers, above which is a pebble bed 
composed of fragments of granitic, quartzitic, 
and other hard rocks. These beds are overlain 
by clay or clay shale that contains fresh- 
water fossils and is mapped as the Paso Robles. 
On the west slope of the hill just mentioned a 
fine-grained grayish sandstone near the base of 
the Etchegoin is filled with marine fossils, 
almost wholly. Peden ddridgei. Similar fossils 
were found near the east end of the Shamrock 
anticline in the SW. i sec. 27, T. 30 S., R. 22 
E., here also in sands near the base of the Etche- 
goin. No marine fossils were found in the beds 
exposed on the south flank of the Shamrock 
anticline, but the grayish sands that crop out 
on that side of the fold from the NW. i sec. 34 
northwestward to the vicinity of the center of 
sec. 29 are evidently the equivalent of the 
fossiliferous beds just described. 

Farther wes^ the Etchegoin is overlapped by 
the Paso Robles formation, and in the Tele- 
phone Hills the Paso Robles rests upon the 
interstratified diatomaceous shale and coarse 
arkosic beds of the upper division of the Mari- 
copa shale. The maximum thickness of the 
Etchegoin exposed on the flanks of the Sham- 
rock anticline is not more than 200 feet. 



Along the foothills of the Temblor Range 
between Crocker Springs and Spellacy Hill 
(Twenty-five Hill) the Etchegoin has been rec- 
ognized definitely at only a single point. This 
point lies just west of Fellows, where, near the 
center of the east hne of sec. 1, T. 32 S., R. 22 
E., a thin bed of limy arkosic sandstone filled 
with Etchegoin fossils is exposed resting upon 
the interstratified diatomaceous shale, sand, 
and gravel that are mapped as the upper divi- 
sion of the Maricopa shale. The fossiliferous 
bed is so thin that it has been grouped in the 
mapping (PI. H) with the overlying Paso 
Robles. A fossiliferous bed of this type, prob- 
ably the same bed that crops out west of Fel- 
lows, is encountered in several of the wells^ 
notably in well 9 of the United Oil Co., in sec. 
6, T. 32 S., R. 23 E. 

West of Maricopa the beds mapped as 
Etchegoin are mainly fine-grained granitic 
sand and compact clay or clay shale. These 
beds are well exposed in the canyon that 
drains eastward from the Tannehill wells 
through sec. 27, T. 12 N., R. 24 W. Some of 
these beds are certainly Etchegoin, as is shown 
by the marine fossils that occur in the W. ^ sec. 
33, T. 12 N., R. 24 W., but the line of separa- 
tion indicated on the map between the Etche- 
goin and Paso Robles may not be the true one. 
It is, as has already been explained, simply a 
separation between the fine-grained sands and 
compact clay shales below and the coarse 
granitic sands filled with granitic cobbles and 
diatomaceous-shale pebbles above. Many of 
the coarser sandy beds in the Etchegoin, 
particularly those in the lower part of the 
formation, contain oil, and a study of the out- 
crops of these beds affords a very fair under- 
standing of the way that oil occurs beneath 
the surface farther east. The most important 
characteristics to be noted are (1) that the 
oil is f oimd in the coarser-grained beds ; (2) that 
it is not restricted to the lower part of the 
formation, as might be inferred from a too 
literal interpretation of the statement that the 
oil sands occur in sandy beds that rest uncon- 
formably upon the diatomaceous-shale forma- 
tions, but is found well up in the formation; 
(3) that the sandy beds which contain the 
most oil are those that are overlain and under- 
lain by beds whose porosity is relatively slight 
In some places these less pervious beds are 
compact clays, but in other places, notably 
near the Banner well of the Union Oil Co., in 
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the N. J sec. 33, T. 12 K, R. 24 W., the impervi- 
ous bed overlying the oil sand which crops out 
is an arkosic sandstone that is of much coarser 
grain than the oil sand but is indurated by a 
calcareous cement and thus rendered far less 
pervious than the fine sand. Below the oil 
sand is a conglomerate made up of fragments 
of diatomaceous shale embedded in a clayey 
matrix that is evidently composed chiefly of 
comminuted shale like that forming the larger 
fragments. It likewise contains much less 
pore space than the fine-grained oil sand and 
acts as an impervious barrier. 

AREA WHERE THE BTCHBOOIN IS NOT EZBOSED BENEATH 

THE PRODtTCnYB OIL VTBLD. 

The Etch^oin reaches its maximum develop- 
ment in the region imder discussion in the 
foothills northeast of the Temblor Range, 
where it is buried beneath the thick cover of 
the Paso Robles formation and the alluvium 
in the topographic basins. Its character and 
thickness in this part of the field may be judged 
only approximately from the rather imperfect 
record a^orded by the deep wells. The forma- 
tion is apparently composed largely of clay or 
clay shale, sandy clay, and sands, with some 
hard ''shells" which are either indurated sands 
or moderately coarse boulder beds similar to 
those that crop out in the area mapped as 
Etchegoin west of Maricopa. 

Along the west side of Midway a few of the 
deeper wells have been drilled through the 
Etchegoin and have entered the upper part of 
the Maricopa shale below. The thickness of 
the formation here is difficult to estimate, as 
few of the wells report any Paso Robles or 
''Tulare" fossils, and it is only from such re- 
ports that the position of the base of the Paso 
Robles may be estimated. The Etchegoin, 
however, is probably not much over 1,000 feet 
thick along the western edge of Midway Valley, 
but eastward from that locality it thickens 
greatly, and east of Midway Valley wells have 
been drilled in it for a distance of at least 2,000 
feet and probably for 2,500 feet. 

The Etchegoin in this area appears to be 
very largely fine sand or shale, probably of 
much the same character as the clay shale 
exposed in the foothills of the San Emigdio 
Mountains, and like that shale it is filled with 
fossils. Almost all the logs of deep wells in 
Midway Valley and in the Buena Vista and 



Elk hills report "sea shells" in the productive 
oil sands or in the immediately overlying beds. 
The widespread occiurence of these fossiliferous 
beds beneath the cover of the Paso Robles and 
their failure to crop out in the foothills of the 
Temblor Range except in local areas can best 
be interpreted to mean that the Etchegoin and 
Paso Robles formations were laid down in a 
basin that was continuously sinking and that 
the Etchegoin was not deposited in regions 
now occupied by the Temblor Range but only 
in the region of lower relief to the northeast. 
This interpretation seems much more reason- 
able than the assmnption made in the prelim- 
inary report that the richly fossiliferous beds 
that are deeply buried beneath the Paso 
Robles are the equivalent of the coarse gravels 
and diatomaceous shales upon which the Paso 
Robles rests along the foothills of the Temblor 
Range. As has already been shown, these 
beds are considered in the present report as 
the upper part of the Maricopa shale. 

PASO &0BXJE8 rXITLABX") FOBKATZOV. 
GBNBRAL CHARACTEB AND OTBATIORAFHIO BBLAT10NS. 

The last formation to be laid down before 
the time when the most recent general move- 
ments affected the region was a thick terrane 
of gravel, sand, and day with a very few. cal- 
careous beds. This formation is much like 
the imderlying Etch^oin formation in lith- 
ology; differing chiefly in being somewhat 
coarser grained and in havixig been laid down in 
part in fresh or brackish water and in part 
subaerially but not in marine water. It cor- 
responds to the Tulare formation as mapped 
and described in the report on the Coalinga 
district.^ The older name Paso Robles is, 
however, used in this report instead of Tulare, 
which has been abandoned,' for the reason 
that the two names were applied to essentially 
the same beds. 

The Paso Robles formation rests upon the 
Etchegoin formation with perfect conformity, 
and in the preliminary report the two forma- 
tions were mapped and discussed together as 
the McKittrick formation. Although, as has 
already been shown, it is not possible to 
separate the two formations in an entirely 
consistent manner throughout the field, it is 

1 U. S. Oeol. Survey Bull. 39S, 1910. . 

t English, W. A.. Geology and oil prospects of the Salixuis Valley- 
Parkfleld area. Calif.: U. 8. GeoL Surrey Bull. 601, pp. 219-350, 191S. 
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thought best to show the separation in certain 
places, even though it can not be more than 
approximately correct, for the late geologic 
history of the region may thus be understood 
more readily. 

The separation between the Paso Robles and 
the overlying terrace deposits and alluvium 
is as indefinite as that between the Paso 
Robles and the underlying Etchegoin, for de- 
position has been practically continuous in the 
Sunset-Midway region from the end of the 
Paso Robles up to the present time. Except 
near the mouth of San Emigdio Creek, where 
recent stream terrace deposits have been de- 
formed by faulting, all the beds of this series 
that show marked deformation have been 
grouped with the Paso Robles formation, and 
those that now have practically the same atti- 
tude as they had when they were deposited are 
considered Recent terrace deposits or alluvium. 

In parts of the area, notably in the east 
flank of the Temblor Range west of Maricopa, 
in the outer foothills just south of the old re- 
finery at Pioneer, and in the central part of 
Wheeler Ridge, the Paso Robles as mapped 
includes some beds of Etchegoin age. 



THICKNESS. 



As nearly as can be judged from the imper- 
fect records furnished by the deep wells, the 
Paso Robles formation varies in thickness be- 
tween 2,000 and 4,000 feet in the area north- 
east of the main Temblor Range. In the east 
end of the Elk Hills wells that start 1,000 feet 
below the uppermost beds of the Paso Robles 
exposed in the region penetrate beds con- 
taining fresh-water fossils at a depth of 1,300 
feet, below which the beds are nonfossiliferous 
to a depth of 2,400 feet, where marine fossils 
taken to be characteristic of the Etchegoin 
occur. The Paso Robles is therefore at least 
2,300 feet and possibly 3,400 feet thick here. 
At the east end of the Buena Vista Hills wells 
penetrate more than 3,500 feet of the Paso 
Robles, and on the west side of Midway Valley, 
northwest of Taft, fresh-water fossils are re- 
ported in wells at a depth of 2,700 feet. In the 
foothills near San Emigdio Creek the graveb 
and sands mapped as Paso Robles are not over 
1,200 feet thick, but even in the outermost foot- 
hills of the San Emigdio Mountains the beds 
dip at a fairly high angle northward, and the 
formation evidently thickens greatly in that 
direction beneath the Recent valley filling. 



UTHOLOOIC CHARACTBB. 



The Paso Robles was deposited under con- 
ditions that varied greatly from place to place, 
and the variations are reflected in the charac- 
ter of the beds. Likewise the conditions gov- 
erning deposition did not remain constant in 
any part of the region for any considerable 
length of time, and the formation shows as 
great a range vertically as it does areally in the 
type of material laid down. 

The general character of the upper part of 
the formation is well shown on the north 
slope of the Elk Hills, where it is composed 
of alternating beds of fine granitic sand, clay 
that is in places more or less sandy, and 
coarse gravel. The coarse gravel beds, although 
usually exhibiting no sorting of the fragments 
as to size, in many places show a remarkable 
segregation in the character of the material. 
For example, the formation for a stratigraphic 
thickness of 200 or 300 feet may be composed 
wholly of granitic debris — ^both fine sand and 
coarse gravel — ^ihterstratified with beds of 
compact greenish clay. Overlying these beds 
may appear a bed composed dmost whoUy of 
fragments of diatomaceous shale. This bed 
of detrital shale is so free from granitic debris 
and the underlying coarse beds composed of 
fragments of granitic rocks are so free from 
fragments of diatomaceous shale that in many 
places a sharp, almost knife-edge contact may 
be traced for a distance of several himdred 
feet. One who is attempting for the first tdme 
to map the areal geology of the region is liable 
to be led astray by the discovery of just such 
sharp contacts and to spend considerable time 
in a fruitless endeavor to divide the beds here 
comprised in the Paso Robles formation into 
several formations. But sooner or later it 
becomes apparent that these various lithol(^c 
phases do not mark stratigraphic divisions 
but rather only lenses, some large, some small, 
and that material of a given type may occur 
at almost any position in the Paso Robles 
from top to bottom. 

Despite the fact that these variations in 
lithology can not be shown on the map, they 
must not be lost sight of nor their economic 
importance overlooked, for it is this very 
lenticularity, this segregation of material and 
the formation of porous and impervious masses, 
that gives the formation its power to hold 
the accumulations of fluid, eitiier oil, water, 
or gas. 
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The fragments of diatomaceous shale in the 
''shale pebhle" beds of the Paso Robles are 
almost inTariably only slightlj romided and 
vary greatly in size, the largest noted being 
about 4 inches in length. They are embedded 
in a clayey matrix that looks much like that 
composing the clayey beds interstratified with 
the miderlying beds of coarse granitic debris. 
The land mass thKt furnished the debris of 
i^hich the Paso Robles in this part of the area 
is composed was probably formed of the earlier 
Tertiary rocks like those now exposed in the 
Temblor Range. Although some of the frag- 
ments of granitoid rocks may have come 
directly from the complex exposed in the 
momitains at the south end of San Joaqtdn 
Valley, it is probable that the main source of 
supply lay in the Temblor Range, to the west, 
which at that time must have had a consider- 
ably greater relief than* at present. The 
granitic d6bris in the Paso Robles was prob- 
ably derived from the coarse granitic sands 
and conglomerates in the Tertiary beds there, 
particularly those bedded with the diatoma- 
ceous shale in the upper part of the Maricopa 
shale. The sorting of the material and the 
absence of fragments of diatomaceous shale 
in certain beds are probably more apparent 
thap real. It is entirely reasonable to sup- 
pose that in the denudation of a land mass 
made up of interstratified diatomaceoiis shale 
and coarse granitic d6bris, such as compose 
the upper part of the Maricopa shale, the soft 
diatomaceous shale woidd, during transporta- 
tion, be so finely pulverized by the grinding 
action of the fragments of 'hard crystalline 
rocks that it would not be recognizable when 
finally deposited but would form compact 
clays precisely like those that are bedded 
with the coarse granitic d6bris in the Paso 
Robles formation. These clays are remark- 
ably compact and fine grained, and even with 
a high-power hand lens it is with difficulty 
that any individual grains may be recognized. 
They must represent deposition in quiet 
waters, perhaps in large part of wind-blown 
material. Their close association with coarse 
gravel, although at first sight somewhat sur- 
prising, is really of the same sort as that 
shown by the material that is accumulating 
in the present-day deserts, where the fine 
dust deposited in intermittent lakes is mingled 
with the coarse material brought down occa- 
sionally by torrential streams. 

109288^—1 9 1 



Near the east end of the Elk Hills various 
clayey beds have been prospected in a more 
or less desultory manner as fuller's earth, and 
it is said that the clays give tnore or less 
satisfactory results in clarifying oil. 

On the west slope of the Elk Hills the clayey 
beds are less conspicuous. The general char- 
acter of the Paso Robles in the Elk Hills is 
shown in the following section, which is taken 
from the preliminary report: 

Section of McKittrick formation [upper part, or Paso Rohle8\ 

in the Elk Hills.' 

Fwt. 

Coarse gravel of considerable variety of rocks; maxi- 
mum cobbles about 6 inches in diameter 175 

Soft light yellowish-brown sandy day with white 
efflorescent alkali 50 

Gravel of equal parts of shale fragments and mixed 
cdored pebbles; Tnaximum diameter 3 inches. . . 50 

Soft light-yellowish clays like the second bed above . 40 

Gravel of shale fragments and colored pebbles, the 
latter predominating; 4-inch pebbles maximum. . 100+ 

Soft yellowish-brown sand with occasional streaks of 
shale and mixed pebbles 75 

Soft yellowish-brown sand with greenish-diab clay 
stratum at base 60 

Gravelly sand and clay, upper 15 feet of which is 
stained light purple by alkali; both sand and clay 
are very soft 100 

650 

South of McKittrick the Paso Robles is ex- 
posed resting upon the Etchegoin on both 
flanks of the Shamrock anticline. The forma- 
tion here is on the whole more sandy than it is 
in the east end of the Elk Hills; but the coarse 
beds of granitic cobbles are likewise less 
numerous. The following section, taken from 
the preliminary report, gives a good idea of the 
character of the formation here: 

Section of McKittrick [Paso Robles] formation 1 mile south' 

east of McKittrick? 

Feet. 

Soft sandy or clayey beds and coarse soft sand- 
stones below 380 

Coarse-grained pink granitic sand with numerous 
waterwom shale fragments up to 3 inches long. 55 

Soft sandstone with occasional layers of shale 
fragments, also brown sandstone and fine scat- 
tered shale fragments 35 

Hard gray sandstone, some shale pebbles, occa- 
sionally brownish and apparently oil stained . . 80 

Greenish and brownish clay shale with thin lay- 
ers of interbedded sandstone 64 

Clay shale and sandstone 18 

Brown and pink coarse sandstone with shale 
fragments, also thin partings of shale, at some 
points stained by oil, and clay-filled mud cracks 145 



1 U. S. Geol. Survey Bull. 406, p. 81, 1910. 
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Coaree thick-bedded incoherent sandstones with 
numerous shale fragments 190 

Largely shale and clay, alternate hard and soft 
layers; some sandstone and shale fragments; 
chocolate, pink, yellowish, and brown (color due 
to oil impregnation) 290 

Green and brown shale with interbedded yellow 
sands, dark brown and heavily charged with 
oil 300± 

Waterwom shale fragments forming a fine con- 
glomerate 395 

1. 952± 

In the prelimiiiary report these beds were 
described as the McEattrick formation. Part 
of the lowest division recorded may be Etche- 
goin, for fossiliferous beds of that formation 
are exposed a short distance to the west. 
Most of the section is, however, certainly Paso 
Robles, as fossils characteristic of the Paso 
Robles ('* Tulare '0 were found a few himdred 
feet south of the point where the section was 
measured in sandy clays that Are either the 
equivalent of the upper part of the lowest 
division recorded in the section or belong in 
the overlying green and brown shales. 

In the northern half of the Buena Vista 
Hills the Paso Robles is of much the same 
character as it is on the western slope of the 
Elk Hills and in the hills south of McEittrick. 
The upper part of the formation exposed here 
contains somewhat coarser material than the 
lower part. Near the middle of the exposed 
section is a zone about 100 feet thick containing 
several beds of calcareous clay which weathers 
to conspicuous whitish outcrops that may be 
followed on the east slope of the hills from the 
vicinity of the east line of T. 31 S., R. 23 E., to 
the northwest quarter of that township and on 
the south slope of the hills in sees. 27, 34, and 
35 of the same township. Most of these 
calcareous beds are not over 20. feet thick, and 
no one bed is traceable separately throughout 
the area outlined above, but as their outcrops 
aid in understanding the structure here, the 
approximate position of this zone has been 
indicated on the geologic map (PI. II). 

West of Midway Valley the Paso Robles is 
composed of clay, arkosic sand of variable 
grain, and conglomerate formed largely of 
fragments of diatomaceous shale. Its general 
character is shown by the following section, 
copied with a few alterations from the pre- 
liminary report: 



Section of McKittrick [Poio Robles] formation in T, 32 S., 

R, 2S E} 

Feet. 

Superficial gravel dipping gently northeast and 
overlying beds of sand and gravel unconf ormably . 25 

Gravelly granitic sands with thin clayey layers 200 

Light-green coarse and fine granitic sandstone with 
thin clay layers; also thin hard layers 75 

Fine well-bedded yellow granitic sand with thin 
harder seams 100 

Coarse gray sand with plentiful shale pebbles 200 

Coarse and fine gray sand and greenish shales with 
shale pe]t>ble8 160 

Gray and white sandstone wiih many shale pebble 
layers 100 

light gypaiferous sandstone with shale fragments; 
contains ^hite porcelain shale layer 120 

Oil sands with granitic cobbles at base, sands dark 
brown and coarse; rests on brown diatomaceous 
shale, strongly impregnated with oil (at anticlinal 
axis) 50-80 



1,000 



South of Spellacy Hill (Twenty.five HiU), in 
sec. 35, T. 32 S., R. 23 E., the Paso Robles rests 
upon the highly siliceous Maricopa shale, and 
the basul beds are composed almost wholly of 
fragments of diatomaceous shale. In places 
these fragments have been cemented together 
by a siliceous cement, and although the rock is 
as clearly detrital as the overlying incoherent 
sands and gravels, it appears in hand specimens 
more like a fault breccia. 

In the foothills of the San Emigdio Moun- 
tains the Paso Robles is composed mainly of 
coarse gravels and sand, with a relatively smaU 
amount of clay and fine sand. The conglom- 
erate is for the most part ill sorted ; the frag- 
ments in any bed show a wide range in size and 
are for the most part but poorly rounded. 
Besides the cobbles of granitoid rocks which 
compose the bulk of the formation and a rela- 
tively small number of angular fragments of 
diatomaceous shale, the Paso Robles contains 
numerous fragments derived from the Vaqueros 
formation — ^both of fossiliferous sandstone and 
of the basalt and andesitic agglomerate which 
occur in the upper middle part of the Vaqueros. 
Such fragments are rare, if they occur at all, in 
the Paso Robles exposed in the slopes of the 
Temblor Range and in the outlying foothills. 
The slight areal range of the different types of 
rocks that make up the Paso Robles shows that 
the conditions under which that formation was 
deposited must have been very local and that 
the land masses which furnished the detrital 

1 U. 8. G«oI. Survey Bull. 406, p. 83, 1910. 
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material were not far distant from the basins of 
deposition. 

Wheeler Bidge is formed of coarse conglom- 
erate, arkosic sand, and compact reddish and 
greenish-gray clay which are shown on the map 
as part of the Paso Robles formation. Most of 
the beds exposed are probably correctly corre- 
lated with the Paso Robles C'Tulare'^), but 
some of the clays that crop out near the axis 
of the anticline are probably in the Etchegoin 
formation. The time available did not admit 
of mapping a dividing line between the two 
formations here, and from the character of the 
outcrops the writer doubts whether a satisfac- 
tory separation can be made. The total thick- 
ness of the beds exposed in Wheeler Ridge is 
between 2,500 and 3,500 feet. Most of the 
beds in the upper part of the exposed section are 
coarse conglomerate made up of fragments of all 
the types of rocks occurring in the central part 
of the San Emigdio Mountains. Fragments of 
granitic rocks predominate, but boulders of 
crystalline limestone, of f ossiliferous sandstone, 
of basalt, and of andesitic agglomerate from the 
Yaqueros formation, and of siliceous diatoma^ 
ceous shale froin the Maricopa shale are very 
plentiful. The clay that is exposed in the cen- 
tral part of Wheeler Ridge, along the anticlinal 
axis, weathers to greenish gray or reddish gray 
and resembles closely the late Tertiary clays in 
the Kern River field. 

QTTATEBNABY SYSTEM. 
TEKRACE DEPOSrrS AND ALLUVIUM. 

The conditions that govem*ed the deposition 
of the youngest beds included in the Paso Ro- 
bles formation have continued uninterrupt- 
edly up to the present time, and the sediments 
laid down since the end of Paso Robles time 
include the beds of intermingled sand, gravel, 
and clay that fill the larger valleys and cover 
the terraces. 

In the Temblor Range and in the outlying 
foothills to the northeast only the almost flat- 
lying deposits that fill the structural basins 
occupied by Midway and Buena Vista valleys 
are mapped as terrace deposits and alluvium. 
The gendy inclined gravels that occur higher 
on the range are considered a part of the Paso 
Robles. Despite its broad areal extent the 
thickness of this alluvial filling in Midway Val- 
ley is relatively small, probably nowhere ex- 
ceeding 300 or perhaps 400 feet, except in the 



south end of Buena Vista Valley. South of the 
Buena Vista Hills the thickness of the valley 
filling almost certainly increases eastward to- 
ward thecentralpartof San Joaquin Valley, and 
there the deposits bury so deeply the sands that 
are oil bearing in the productive field that they 
can not be reached by drilling methods now in 
vogue. Probably the thickness of the alluvial 
filling in San Joaquin Valley can never be ac- 
curately estimated, as its lithologic character 
is so hke that of the Paso Robles that well 
records will not give data that are sufficiently 
accurate to permit a separation of the two 
formations. 

In the San Emigdio Moxmtains remnants of 
stream terraces may be found up to altitudes 
of at least 2,500 feet above sea level, or 1,000 
feet above the south end of San Joaquin Valley. 
Nearly all the larger streams show, especially 
in their lower courses, a succession of terraces, 
the lowest a few feet above the bed of the pres- 
ent stream and the upper well-marked ones 40 
or- 50 feet higher. The terraces near the mouth 
of Santiago Creek are well shown in Plate 
XII, A. 

Besides these terraces in the outer foothills 
there are many isolated terraces in the upper 
parts of the canyons which record some local 
Lterference with the downward erosion of the 
stream. A good example -of an isolated terrace 
of this type is Neasons Flat, in the canyon of 
Pleito Creek, where a small gently sloping area 
has been formed by a filling of terrace gravel 
and sand 20 to 30 feet thick* In the upper end 
of the flat Pleito Creek has intrenched itself in 
the terrace gravels to a depth of 8 or 10 feet, 
but at the lower end the creek has cut com- 
pletely through the terrace deposit into the 
underlying Tertiary rocks and runs through a 
trench 40 to 50 feet deep. 

The deposits that cover the stream terraces 
range from a veneer of sand and fine gravel only a 
few inches thick to masses of coarse gravel and 
sand 300 to 500 feet thick. The thickest de- 
posits in the region are those in the canyon of 
San Emigdio Creek. In the lower 2 mi^es of 
its course this stream traverses a flat-bottomed 
valley about a quarter of a mile wide, boimded 
on the south by a precipitous wall of terrace 
gravel. In places these gravels Ue more than 
400 feet above the floor of the valley. The 
terraces on San Emigdio Creek are shown in 
Plate XIII, B. Remnants of a terrace com- 
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parable with the upper part of the terrace on 
San Emigdio Creek are easily recognizable as 
far westward as Santiago Creek and are best 
shown along the old road that leads from San 
Emigdio Creek to Santiago Creek through the 
southern part of the San Emigdio grant. The 
terrace deposit in the upper part of the canyon 
of Los Lobos Creek (PI. XII, B) records a later 
period during which the upward movement of 
the region halted for a while. JTus terrace 
may be the equivalent of an extensive terrace 
west of Santiago Creek, the uppermost one 
shown in Plate XII, A. 

In places the terrace deposits have been 
deformed by Recent movements. The best ex- 
ajnple of such deformation is shown by the 
terrace gravels in San Emigdio Canyon, which 
about half a mile from the edge of San Joaquin 
Valley change abruptly from the flat-lying atti- 
tude characteristic of them farther upstream 
and dip northward beneath San Joaquin Valley 
at an angle of about 25°. The deformation of 
these gravels apparently has been caused by a 
fault that lies somewhat north of the outer- 
most foothills. A curious structure resulting 
from this faulting is shown in a small canyon 
about a mile west of the mouth of San Emigdio 
Creek. Here the Recent terrace gravels dip 
northward at an angle of 38°, and the white 
gravels (mapped as Paso Robles) upon which 
they rest are overturned, dipping southward at 
about 35°. The structure here is shown in the 
sketch in Plate XIV. 

One of the most interesting features of the 
Jlecent terraces in this part of the region is the 
evidence they afford that this part of San 
Joaquin Valley is at present rising, apparently 
at no very slow rate. Most of the stream 
terraces, even those that lie 20 to 30 feet above 
the bed of ^he present stream, are boxmded by 
-clean-cut cliffs whose steep slopes have been 
-concealed but little by talus. Moreover, if 
observations made by the inhabitants of the 
region are to be trusted, much of the down- 
cutting below a terrace level that lies from 
4 to 6 feet above the present stream beds has 
l>een accomplished within the last 30 or 40 
years. On Tacuya Creek an especially instruc- 
tive bit of evidence regarding this regional 
movement was obtained. Near the old adobe 
cabins that stand about a mile above the 
mouth of the creek water issues from a point 
in the bank a foot or two above the stream bed. 
About 8 or 10 feet vertically above this spring 



is an old pipe which, it is said, marks the loca- 
tion that the spring occupied some 40 years 
ago, when, as now, the spring was about 2 
feet above the bed of the stream. Near tlus 
locality, at an altitude comparable with that 
of the old location of the spring, is the top of a 
well-marked terrace deposit through which 
the stream has cut a trench with almost verti- 
cal sides. It seems evident that most of the 
downward cutting represented by the change 
in position of the spring has been caused by a 
very recent regional uplift. It should be 
noted, however, that the resistant basaltic 
rock that lies in the upper part of the Vaqueros 
formation crosses Tacuya Creek a few hundred 
feet downstream from the spring, and it is 
probable that these rocks have halted the 
downward corrosion ^ the stream above the 
point where they crolss it. The stream level 
between the basalt and the mouth of the 
creek has probably changed gradually, keep- 
ing pace with any regional uplift, but the 
basaltic rocks were probably broken through 
only .during periods of excessively high water, 
and it was only after such periods that the 
upper reaches of the stream tended to assume 
what may be considered their normal gradient. 
Thus, although the change in the position of 
Tacuya Creek near the spring unquestionably 
records a recent uplift of the r^on, the rate 
of uplift is not necessarily recorded by the 
rate at which the stream has intrenched itself 
at this point. 

The alluvial filling in San Joaquin Valley is 
composed of coarse gravel and sand brought 
down by the streams, the alluvial fans at the 
mouths of which coalesce to form a gently 
sloping apron along the whole hill front. Many 
of the streams, especially those that drain the 
San Emigdio Moimtains, are torrential at 
times and carry huge boulders far out into the 
plains. One of the largest of these fragments 
lies more than a mile from the mouth of Tacuya 
Creek and must have traveled that distance 
over a slope of about 200 feet to the mile. The 
boulder is now partly buried in the fine allu- 
vium, but the part visible > measures roughly 
20 by 11 by 7 feet. It is shown in Plate VI, A. 

TERTIARY IGNEOUS ROCKS. 

DIS^SIBXrTIGN. 

« 

In the north flank of the San Emigdio Moun- 
tains igneous rocks of two general types occur 
in the Tertiary section. The older of these 
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rocks, which lie in the upper part of the 
Vaqueros formation, consist of tuff, andesitic 
agglomerate, and scoriaceous flows of basalt; 
the younger, which are in the uppermost part 
of the Vaqueros and in the overl jing diatoma- 
ceous Maricopa shale, consist of basalt flows 
and sills. The older rocks are by far the more 
abundant, the yoimger occurring only in small 
isolated areas a few hundred feet in extent on 
lower Pleito Creek. 

The older Tertiary igneous rocks consist 
of flows and agglomerates which do not yield 
readily to erosion, and their outcrops stand 
out in bold relief from those of the Tertiary 
sedimentary beds. Their weathered surfaces 
are highly and irregularly colored to various 
shades of brown, green, indigo, yellow, and 
black, which are markedly in contrast with 
the somber brown color of the sedimentary 
beds of the Vaqueros formation. These rugged 
and varicolored outcrops of the volcanic rocks 
form a very prominent feature of the landscape, 
giving to it in places a distinctly fantastic touch. 

They are exposed in three areas within the 
region shown on the geologic map. The 
largest of these areas extends as a belt ranging 
in width from a few hundred feet to 2 miles 
between Tacuya and Pleito creeks; another 
Ues at the crest of the San Emigdio Mountains, 
near the headwaters of Santiago Creek; the 
third area lies near the center of the W. i sec. 
11, T. 10 N., R. 23 W., about 2 miles west of 
Santiago Creek. This last-mentioned area is 
so small that even though its representation on 
the geologic map has been very greatly exag- 
gerated it might easily escape the reader's 
notice. 

Flows of basalt, probably the eqmvalent of 
those exposed in the San Emigdio Moun- 
tains, occur in the middle part of the lower 
Miocene section in the canyon of Walker Basin 
Creek, on the ea»t side of San Joaquin Valley. 
Also at the south end of the Carrizo Plain, 
which lies just west of the Temblor Eange, 
basic igneous rocks, described by Fairbanks ^ 
as analcite diabase, occur in the Monterey 
group. These rocks crop out near the north- 
west comer of T. 10 N., R. 24 W., from which 
they may be traced northwestward for more 
than 25 miles. They are almost certainly the 
equivalent of the older Tertiary igneous rocks 

1 Fairbanks, It. W., On analdte diabase from San Luis Obispo County, 
Calif.: Camornia Univ. Dept. 0«oIogy Boll., vol. 1, pp. 373-300, 1895. 



that are exposed in the San Emigdio Moun- 
taios. 

Tertiary volcanic rocks occur also on the 
south slopes of Mount Finos near the boraic 
mines in Lockwood Valley interbedded with 
coarse detrital beds. It seems probable that 
these flows are also approximately the equiva- 
lent of the older Tertiary flows ^posed on the 
north slope of the San Emigdio Mountains. 
If they are, their study may afford a correla- 
tion between San Joaquin Valley and the Great 
Basin province. The Tertiary igneous rocks in 
this general region will probably be of greater 
aid than any other feature in making a general 
correlation of the varied Tertiary sedimentary 
formations developed in different parts of the 
region, 

STBATiaSAPHIC BXLATIONS. 

The basaltic and >mdesitic rocks that make 
up the older Tertiary igneous rocks on the 
north slope of the San Emigdio Mountains 
occur chiefly as flows m the upper part of the 
Vaqueros formation. Within the area shown 
on the map no vent was found from which the 
lava was extruded, nor were any dikes or sills 
recognized with certainty. The only point in 
the foothills along the south end of San Joaquin: 
Valley at which these rocks are certainly in- 
trusive into the Tertiary lies about 6 miles due 
east of the mouth of Tejon Pass (Cafiada de lad 
Uvas). Here a dike of basaltic rock, evidently 
a part of the main mass of igneous rock, cuts 
the lower part of the Vaqueros formation and 
the underlying Tejon formation (Eocene). 

As has already been explained, the Vaqueros 
formation was deposited under varying con* 
ditions, part being laid down beneath marine 
waters and part subaerially. The igneous 
rocks likewise show evidence of having beea 
formed under varying conditions. Thus the 
pyroclastic beds that form the lower part of 
the succession of ignbous rocks were evidently 
deposited in water. Even some of the coarse 
tuffaceous material was deposited in marine 
water, for in the andesitic tuff west of Santiago 
Creek was found a specimen of TurriteUa, prob- 
ably TurriUUa ocoyana, a mdllusk inhabiting 
marine waters. Much of the massive basalt 
and even the scoriaceous lava were probably 
poured out on the surface of the land. 

East of San Emigdio Creek, especially in the 
vicinity of Salt Creek and between Salt and 
Tacuya creeks, there is good evidence of uncon- 
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formity at the top of the igneous rock. The 
beds resting upon the basalt in this part of the 
region are ahnost barren of fossils, and there 
might be some question as to the propriety of 
classing them with the Vaqueros, on account 
of the imconfoimity that exists between them 
and the underlying basalt. The unconformity, 
however, is believed tp be only of local impor- 
tance and to occur within the Vaqueros. The 
true position of the lavas and tuffs is shown 
by the outcrops of these rocks on the head- 
waters of Santiago Creek near the southeast 
comer of T. 10 N., R. 23 W., and by the small 
outcrop of andesitic tuff in sec. 11 of the same 
township. The igneous rocks appear to be 
perfectly bedded with the overlying and imder- 
lying beds of the Vaqueros formation and occur 
at the top of what has been described as the 
lower division of that foraiation. 

UTHOLOGZC CHARACTER. 

No systematic microscopic study of the 
Tertiary igneQUs frocks from the San Emigdio 
Mountains. ha^ yet been made, and the fol- 
lowing notes are based almost wholly upon 
field observations and examinations of hand 
specimens. 

The older Tertiary igneous rocks are of two 
main types-'K)ne a light varicolored rock, 
largely fragment^al and probably an acidic 
andesite, the other an almost black basalt 
varying in texture from a fine^ained compact 
rock showing few megascopic crystals to a rock 
containing phenocrysts several millimeters in 
length. Through most of the region the two 
types are fairly distinct and they have been 
mapped separately, although at the western- 
most point where they are exposed along the 
axis of the Devils Kitchen syncline there seems 
to be a gradual change from the andesitic rock 
into the overlying basalt, and the separation is 
only approximate. 

The andesite is almost wholly fragmental 
and ranges from a fine ash to a coarse agglomer- 
ate composed of angular blocks several feet in 
diameter. In places thin flows are bedded 
with the tuff. The flows contain abundant 
glassy phenocrysts of andesine, some of them 
as much as 1 centimeter in length, embedded 
in an aphanitic groundmass. The agglomerate 
is light colored, usually being bluish or indigo, 
though locally dark green, red, or light buff. 
The lowest beds are as a rule composed largely 
of ash, especially those exposed in sec. 30, 



T. 10 N.,. R. 24 W., where there is a perfect 
gradation downward from the agglomerate 
into the granitic gravel of the VaqueroB forma- 
tion through a zone about 200 feet thick of 
intermingled ash and detrital material com- 
posed of fragments of granitic rock. The 
character of these transition/ beds is shown in 
the tabulated section given on page 32. The 
andesitic agglomeratic and tuffaceous beds 
vary greatly in thickness, reaching a maximum 
between 500 and 600 feet in the region between 
Pleito and Salt creeks. The agglomeratic and 
tuffaceous beds were in part deposited in 
marine water, as is shown by the presence of 
Thirritella ocoyana in the agglomerate exposed 
west of lower Santiago Creek. 

The basalt that overlies the andesitic ag- 
glomerate likewise has its greatest development 
near Pleito Creek. It is probably a little 
thicker than the andesite, edthough the frac- 
tiu^d nature of the rocks prevents an accurate 
estimate of the thickness. The texture of the 
basalt varies greatly, in some places being 
dense and finely granular and in other places 
almost glassy. Almost everywhere the rock 
is somewhat scoriaceous, and in places it con- 
tains amygdules as much as an inch in diameter 
filled with natrolite, analcite, calcite, and less 
commonly with chalcedony. 

STRUCTURE. 
GEOLOCaC RELATIONS TO NSAR-BT REGIONS. 

The chief geologic features of the Sunset- 
Midway district are on the whole of a type 
common to the central part of the Coast Ranges 
of California, but as the field is near the 
border of (he Coast Range province, many 
of these features are in a measure modified, 
and reflect the complicated structure of tiiie 
mountainous region that lies to the southeast. 
This region, embracing the San Emigdio and 
Tehachapi mountains, forms both a topo- 
graphic and a structural connection between 
the Coast Ranges and the Sierra Nevada. 

Even a cursory examination of the geologic 
map (PI. II) reveals a difference in the char- 
acter of the geologic structure of the Sunset- 
Midway district and the San Emigdio Moun- 
tains. It is impossible, however, from a 
study of so small a region, to appreciate the 
relations of the geologic features of the one 
area to those of the other, or to imderstand 
how these features fit into the structural 
scheme of this part of the State. In order 
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that these relations may be better understood 
a brief outline of the salient features of the 
structure of the central* pari of California will 
be given in the following paragraphs. The 
accompanjdng relief map of California (PI. 
XV) gives an excellent representation of the 
chief geographic features here described. 

The central part of Califomia — that is, 
the region between the latitude of Mount 
Shasta and that of Point Conception — em- 
braces three major provinces that extend as 
elongated belts parallel to the tr^id of the 
coast. The eastern province consists of the 
Sierra Nevada, which is composed predomi- 
nantly of granitic rocks and is essentially a 
block that has been faulted up along the eastern 
edge and presents a fairly even and gentle 
slope toward the west. The western province 
embraces the Coast Ranges and may be con- 
sidered as an anticlinoriiun in which the 
rocks, in the main sedimentary and ranging 
in age from Jurassic to post-Tertiary, are 
greatly folded and faulted. Between these 
two regions of high relief is the tectonic trough 
known as the Great Valley of Califomia, 
which embraces the Sacramento and San 
Joaquin valleys. Near its south end the 
Sierra Nevada diverges from its prevailing 
southeastward trend and, swinging to the 
southwest, forms in the Tehachapi Mountains 
a barrier separating San Joaquin Valley frpm 
the Mohave Desert, a part of the Great Basin. 
At Tejon Pass (Caiiada de las Uvas) the 
Tehachapi Mountains abut against the San 
Emigdio Mountains, and this pass is commonly 
taken as marking the junction of the Sierra 
Nevada and the Coast Ranges. 

South of San Francisco the Coast Ranges 
are composed of a number of ranges which, 
although approximately parallel to one an- 
other, trend somewhat more easterly than 
the mountainous belt as a whole ^d cut 
obliquely across it. In this part of the State 
the easternmost of these parallel ranges — 
that is, those which determine the position 
of the western boundary of San Joaquin 
Valley — are the Diablo and Temblor ranges. 
The Diablo Range heads near San Francisco 
Bay and, holding a course that diveiges only 
very slightly from that of the Coast Ranges 
as a whole, extends southeastward almost 
200 miles to a point somewhat south of Tulare 
Lake, where it descends through a narrow 
belt of foothills to the valley level. South 



of this point the western maigin of San 
Joaquin Valley is formed by the Temblor 
Range, which heads several miles west of 
the point where the Diablo Range ends and 
which on the south joins the San Emigdio 
Mountains. v 

Both the Diablo and Temblor ranges are 
formed by what may be considered essentially 
great anticlines somewhat broken by faulte 
along. the southwestern flanks. They are by 
no means simple folds, however, but each is 
rather an assemblage of relatively small 
anticlines and synclines whose combined effect 
has been an uplifting or doming of the region. 
Moreover, just as the Diablo and Temblor 
ranges have a course somewhat more easterly 
than that of the Coast Ranges as a whole 
and thus cut obliquely across the mountainous 
area, so likewise these minor folds are not 
parallel to the course of the range in which 
they lie but in general have a somewhat more 
easterly trend. The chief obliquely trending 
anticlines along the western border of San 
Joaquin Valley are shown in figure 5. 

These obliquely trending folds increase in 
size and in number southward from the north 
end of the Diablo Range. Between Mount 
Diablo and Coalinga, a distance of about 150 
miles, the normal anticlinal structure of the 
Diablo Range is broken by only three well- 
developed oblique anticlines. South of Coal- 
inga, however, the complexity of the folding 
increases greatly, and at the south end of the 
Temblor Range is developed the complicated 
system of folds that is shown in detail on the 
geologic map (PL II). 

The obliquely trending anticlines appear very 
largely to govern the accumulation of oil on 
the west side of San Joaquin Valley, for prac- 
tically all the large productive fields lie either 
near the axes of such anticlines or in areas in 
which they dominate the structiue. A study 
of the position and character of these folds is 
therefore of prime importance in estimating 
the values of undrilled areas in this general 
region. 

The structure typical of the eastern margin of 
the Coast Range terminates near Sunset Valley, 
at the south end of the Temblor Range, where 
the structTue lines bend sharply from a south- 
eastward to an eastward trend. Beyond this 
locality, along the southern margin of the valley, 
the obliquely trending folds so typical of the 
Coast Ranges to the northwest are not de- 
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veloped, but toward the efbst first the folding 
appears to become much more complicated and 
then faults come more and more to dominate 
the structure. Also rocks much older than 
those exposed in the Temblor Range reach the 



OXNBRAL STBXrCTUBAL FSATUBXS OF THB 
8TTNSST-MIDWAT DISTBICT. 

The region shown on the geologic map may 
be divided by* a northeastward-trending line 
drawn through Pioneer into two parts in which, 
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FiouBE 5.— Sketch map of part of Oalifoniia showing position of chief antioUnes along the west ^der of San Joaquin Valley. 



surface. All in all, there appears in the San 
EmigdiolMoimtains a fairly complete gradation 
between the structural features of the Coast 
Banges and those of the Sierra Nevada. 



although the larger structiu*al features are 
much alike^ the lesser features are very dif- 
ferent. Northwest of this line lie the closely 
folded Temblor Range and the outlying more 
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gently folded foothill^, occupying a region in 
which the structural featiu^es are typically 
those of the Coast Ranges; southeast of the 
line are the complexly faulted and folded 
San Emigdio Moiintains, occupying a region 
in which from west to east there is a fairly 
complete gradation between the structural 
features of the Coast Ranges and those of the 
Sierra Nevada. Some details of the structure 
are shown in the geologic cross sections (Pis. 
XVI-XXXI, in pocket). 

TEMBLOB RANGE AND OUTLYINO FOOTHILL 

RANGES. 

OSHERAL ISATUBBS . 

The structure of the east flank of the Tem- 
blor Range^ including the outlying foothill 
ranges^ the Buena Vista and Elk hills, is essen- 
tially anticlinal, though it does not consist of 
a single fold, or even a few large folds, but 
rather of a great number of anticlines and syh- 
clines whose combined effect has been an up- 
ward folding of the strata along the lines now 
occupied by the present Temblor Range and 
the outlying hill groups. 

Although the Temblor Range is bordered on 
the southwest by the San Andreas fault, along 
which profound movements have taken place; 
faults are rare in the east flank of the range 
near its south end. In, the central part of the 
range the strata are very closely folded or even 
crumpled, but northeastward from this central 
area toward San Joaquin Valley the number of 
folds within a given area decreases, the folds 
themselves are more syipmetrical, and the beds 
on their flanks are less sharply flexed. The 
variability in the character of the folding is 
probably due in part to the fact that the rocks 
exposed in the central portion of the Temblor 
Range are older than those exposed in the 
foothills to the northeast and were subjected 
to folding before the younger formations were 
deposited. However, the forces that have 
been the chief agents in producing the struc- 
ture in this region were active in fairly recent 
geologic time and affected all the roc^ in the 
area mapped except those of Recent age. The 
greater complexity of the structure in the 
central part of the range is therefore due mainly 
to the fact that it was here that the forces 
were chiefly active, and it is probable that in 
the outer foothills the older formations are 
but little more deformed than the younger for- 



mations which rest upon them and form the 
surface. 

A striking feature of the structure, which 
has been pointed out repeatedly in the pre- 
ceding pages, is the fact that, although the 
folds are approximately parallel to the course 
of the range, they are not exactly so but trend 
somewhat more eastward and as they extend 
into the valley plunge beneath the siuface 
some distance from the main range. The 
angular difference in direction between the 
trend of these folds and the trend of the range 
increases toward the northeast, and the course 
of the outermost folds which form the Elk 
Hills differs about 35^ from that of the Temblor 
Range. Not a single one of the folds in the 
foothills can be considered as a distinct and 
separate feature — that is, as a dome isolated 
from the structural features of the main range* 
They are all really but 'spurs that branch out 
from the major fold of the Temblor Range and 
overlap one another to a greater or less degree. 
The overlapping of the secondary anticlinal 
folds is well shown in the foothills of the 
Temblor Range west of Midway by the Mid- 
way, Spellacy, Thirty-five, and CaUfomia For^ 
tune anticlines; in the Buena Vista Hills by 
the RudisiU, Globe, and Sixteen anticlines; 
and to a less marked degree in the Elk Hills by 
the three small anticlines on the south flank of 
those hiUs. This oblique arrangement is char- 
acteristic of all the folds along the west side of 
San Joaquin Valley (see fig. 5) but is most 
marked toward its south end and is particu- 
larly well developed in the area shown on the 
accompanying geologic map (PL II). 

The individual folds are short. Few are 
traceable for more than 15 miles, and most of 
them for less than half that distance. In the 
foothills the folds are usually grouped and a 
series of small anticlines taken together form 
a structural uplift. This grouping or bunching 
of the folds is particularly noticeable in the 
north half of the Buena Vista Hills. Here the 
strata are folded upward along two major 
zones — one extending from the southeast 
comer of T. 31 S., R. 23 E., northwestward to 
the middle of the west line of 'that township; 
the second from the middle of the east line to 
the northwest comer of the same township. 
Along each of these zones of uplift the strata 
are bent or puckered into several small parallel 
anticlines and synclines, with the main bending 
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upward. It is probable that the mdiyidual 
folds. are really surficial features and that at a 
depth of not more than a few hundred feet at 
most they merge to form two anticlines, one 
along each of the zones of uplift mentioned. 

The longer anticlines are undulating, in 
some places pitching to the no^rth or west axid 
in other places to the south or east, thus fash- 
ioning the anticline into a series of domes. 
Most of the folds, however, pitch in but a 
single direction — ^usually south or east toward 
San Joaquin Valley. 

Many of the small folds in the Buena Vista 
and Elk hills are sharp puckers, the strata that 
crop out only a few hundred feet from the axis 
of the fold being tilted very commonly as 
much as 30^ and in places as much as 70° or 
80°. As a rule, however, these sharp folds are 
the shorter ones and, as nearly as may be 
judged from the well records, the shallower 
ones. These small sharp folds are therefore 
isolated and not uearly so favorable for the 
accumulation of oil as the less sharply defined 
but broader and deeper folds. The fact that 
the smaller anticlines are really no more than 
surface wrinkles is well shown by the small 
anticline that lies just west of the main one — 
the Honolulu anticline — ^in the south half of 
the Buena Vista Hills. This small fold — the 
Sixteen anticline — affects the surface beds 
along a line that extends from the northern 
part of sec. 2, T. 32 S., R. 23 E., southeastward 
to the N. i sec. 8, T. 32 S., R. 24 E., and 
probably across the topographic depression in 
the central part of sec. 8 to the northeast 
comer of sec. 16. The position of the axis of 
this fold is shown on the geologic map (PL II). 
The producing oil sands that underlie the area 
at a depth of about 2,000 feet are, however, not 
folded into a single anticline but rather into a 
series of benches that extend out from the 
main Honolulu anticline. The structure of the 
oil sands is shown by the underground contours 
on Plate III. 

The chief synclines in the foothills — ^that is, 
the synclines separating the zones of upward 
folding — are of course not so susceptible of 
study as the anCiclines, for in them the bedrock 
is deeply buried beneath a thick alluvial cover. 
Analogy might suggest that, these troughs are 
formed by a collection of small anticlines and 
synclines similar to those in the zones of upUf t 
in the Buena Vista Hills but differing from 



them in that the downward folding rather than 
the upward folding is dominant. From the 
well records, however, it appears that these 
downward-arching folds are much more regular 
than the upward-archiog folds and that most 
of them are simple troughs. 

BTBXrCTUSAL DXTAnUBt XV THE FOOTailXS. 

The details of the structure are in the mam 
sufficiently well shown on the geologic map 
(PI. II) and the map showing the structure of 
the oil sands (PI. IH) to make a complete 
written description of them unnecessary, but 
one or two features, particularly those which 
have some direct bearing on the occurrence of 
petroleum that might otherwise escape notice, 
will be described here. 

ELK HOiLS. 

The Elk Hills come as near to being an 
isolated dome as any other group within the 
area mapped, for the two anticlines that 
together form their dominant structural feature 
plunge not only southward beneath San Joaquin 
Valley but also northwestward, thus forming 
a structural saddle between the Elk HlUs and 
the main range about McKittrick. These anti- 
clines trend northwestward through the center 
of the hills. They are broad and low, the beds 
rarely being tilted more than 5^ or 6^ on either 
flank. Although the anticlines are separated 
at the surface by a shallow trough, it is almost 
certain that they unite at no great depth and 
form a single anticline. The trough separating 
them is so shallow — the dips on its flanks are 
in most places not more than 3° or 4°— that 
for all practical purposes the two anticlines 
may be considered one, even at the surface. 
In places one or the other of them is inter- 
rupted — ^for example, near the west end of the 
hills, for a distance of a mile or so, the strata' 
dip northward from the axis of the more 
southerly fold to the north edge of the hills, 
thus interrupting the northerly fold. 

Much of tiie south slope of the Elk Hills is 
approximately a dip slope, but the regularity 
of the structure is interrupted by three sharp 
puckers along which the strata are tilted in 
places to an angle of 50^ or 60"^. These folds 
are clearly only very minor features, and it is 
doubtful if they affect the strata that lie 
deeper than a very few hundred feet below 
the surface. That these folds are of no more 
than local importance is shown by the fact 
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that the syndmal and anticlinal axes are very 
close together and by the narrowness and 
sharply outlined nature of the belt in which 
the beds are steeply tilted. 

BtTENA VISTA HILLB. 

In the Buena Vista SQIls there are two zones 
of upward folding — one connecting with the 
Shamrock anticline near the southeast comer 
of T^. 30 S., R. 22 E., and extending southeast- 
ward to the middle of the east line of T. 31 S., 
R. 23 £. ; the other connecting with the main 
range at the south end of the Telephone Hills 
and thence trending first eastward and then 
southeastward to the extreme southeast end of 
the Buena Vista Hills. In each of these zones 
or belts of upward folding there are a number 
of short parallel folds which overlap one 
another in an irregular way. Such short folds 
are most plentiful in the central part of the 
southerly belt, near the pass through the 
Buena Vista Hills at the southeast comer of 
T. 31 S., R. 23 E. 

The southerly zone is the larger and the 
more important so far as the occurrence of oil 
is concerned. Although the strata are steeply 
tilted along the northerly zone of folding, the 
folds in that zone in many ways closely resem- 
ble the small folds which lie on the south flank 
of the Elk Hills and are to be considered as 
only short surface wrinkles. Toward its south 
end — that is, in the eastern part of T. 31 S., 
R. 23 E. — ^the folds comprised in this northerly 
zone probably do not greatly affect the strata 
that are buried more than a few hundred feet 
beneath the surface. 

The southerly zone of upward folding, which 
e^ctends from the vicinity of sec. 15, T. 31 S., 
R. 22 E., southeastward to the extreme south- 
east end of the Buena Vista Hills, is not a 
simple arch or even a series of small parallel 
anticlines, for the chief fold plimges alternately 
to the east and west, fashioning the anticline 
into a series of short anticlines or elongated 
domes that are separated from one another 
by structurally low points or saddles. The 
separate parts of the uplift are not very dis- 
tinct at tiie surface, although the topography 
does in a measure reveal their presence, but 
at the horizon of the oil sands they are very 
marked, and they have a very definite influence 
upon the accumulation of the oil. The sepa- 
rate domes are therefore, in the present report, 



separately named, being called the Globe, 
United, and Honolulu anticlines. Their posi- 
tion is well shown by the undeiground con- 
tours on Plate HI. 

The pass that cuts through the hills in sec. 
36, T. 31 S., R. 23 E., is as truly a reflection 
of the structure as the hills themselves. All 
the short folds that lie north of the pass plunge 
southward, and the Honolulu anticline and 
the northward extension of the Sixteen anti- 
cline, on the south of it, plunge northward. 
The northward plunge of the Honolulu anti- 
cline is particularly notable and is well shown 
by the contours in the structure map (PL III). 

The north edge of the Buena Vista Hills, 
east of the pass through sec. 36, T. 31 S., 
R. 23 E., is well defined, the angle between 
the slope of the valley and slope of the hills 
being more sharply marked than it is in the 
Elk Hills. This, too, is a reflection of the 
structure, for the strata dip at angles of 15° 
to 20° in the outer part of the Buena Vista 
Hills, whereas at the edge of the Elk Hills 
the dip is rarely over half that much. Along 
the southwest flank of the Buena Vista Hills 
east of Taft there is a similar though less 
marked tendency for the dip to be slightly 
greater near the edge of Midway Valley than 
it is closer to the crest of the hills. A cross 
section across the south end of the Buena 
Vista Hills therefore shows the fold as a flat- 
topped arch, not a regularly shaped dome. 

FOOTHILLS WEST OF MmWAT VALLEY. 

The chief structural features in the foothills 
of the main Temblor Range west of Midway 
Valley and south of the Globe anticline are 
the Midway, Spellacy, and Thirty-five anti- 
clines. Each of these folds heacte near the 
central part of the range but in trending 
southeastward each edges out- into the outer- 
most foothiUs and finally plimges beneath 
Midway Valley. The three folds have a step- 
like arrangement, each of the folds on the 
south commencing west of the point where its 
nei^bor on the north plunges beneath the 
valley. 

The beds near the crests of these three anti- 
clines are a little less sharply flexed than those 
along the folds in the north end of the Buena 
Vista Hills, the dip here rarely being more 
than 30^. The decrease in dip on the north- 
east flank is regular, but on the southwest 
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flank there appear various irregularitieB such 
as small faults, or breaks in the synclinal 
troughs that separate these three anticlines 
from the main range. These irregularities in 
structure are most numerous on the southwest 
flank of the Sp^Uacy anticline. 

The Spellacy anticline is somewhat broken 
near its northwest end, but the short anti- 
cline in the Maricopa shale 2 miles south of 
Fellows is really the northwest end of the 
Spellacy anticline, although not connected 
with it at the surface. Near the crest of 
Spellacy Hill (Twenty-five Hill) the Spellacy 
anticline changes its course rather abruptly 
from southeastward to eastward and passes 
through the central part of sec. 30, T. 32 S., 
R. 24 E. Near the center of the south line 
of sec. 25, T. 32 S., R. 23 E., a sharply marked 
anticline is traceable for about half a mile. 
This fold has frequently been taken as the 
southeast end of the Spellacy anticline, with 
which it is in almost perfect alinement. It is, 
however, really but a minor surface pucker, 
for the axis of the main fold clearly lies fully 
half a mile farther north. The relatively slight 
importance of this fold is indicated by the 
dose approach of its axis to that of the syn- 
cline on the southwest, which is one of the 
chief secondary folds, and is here equal in 
size and parallel to the Spellacy anticline. 

The California Fortune anticline may be con- 
sidered the westward extension of the Thirty- 
five anticline — offset, it is true, and separated 
from that fold by the Phoenix syncline, but 
for all that the two are no more to be regarded 
as distinct structural features than the small 
anticline in the Maricopa shale 2 miles south 
of Fellows is to be regarded as a feature 
distinct from the Spellacy anticline. 

SAN EMIODIO MOUNTAINS. 



In the San Emigdio Mountains the structure 
is dominated by faults and not, as in the east 
flank of the Temblor Range, by folds. In this 
region the granitic and metamorphic rocks 
imderlie the Tertiary sedimentary rocks at a 
much shallower depth than in the Temblor 
Range and crop out in the central part of the 
San Emigdio Mountains, and the presence of 
this rigid mass of crystalline rocks so close to 
the surface may have been a large factor in 
causing the forces that produced Uie deforma- 
tion tb express themselves in faults rather than 



in folds. The chief reason, however, for the 
dominance of faults over folds is to be f oimd 
in the fact that in this region the Sierra 
Nevada abuts against the Cbast Ranges, and 
the forces causing deformation in both pro- 
vinces have left their imprint upon the struc- 
ture in this meeting ground. The action of 
these combined forces was evidently so intense 
that probably the sedimentary beds, though 
fairly flexible, could not simply by folding 
have adjusted themselves to the stresses set 
up, even if they had not been imderlain at 
fairly shallow depth by a rigid foundation such 
as was afforded by the crystalline rocks. 

In the western end of the moimtains, where 
the Tertiary sedimentary rocks* are thick, 
those beds are folded into an infinite number 
of short irregular folds and broken by a 
multitude of equally irregular faults. Many 
of these folds and ;fault8 are shown on the 
geologic map (PI. II), but a great many others 
are of necessity omitted, and the structure 
there is even more complicated than the map 
indicates. East of Santiago Creek the folds 
are relatively few, and most of them are shown 
on the map. In contrast to those in the west 
end of the mountains, the folds here are 
mainly open, few are closely compressed, and 
only one or two small ones are even locally 
overturned. The faults are, however, increas- 
ingly abimdant toward the east, and many of 
them have almost certainly been overlooked, 
for the outcrops do not preserve evidence of 
faulting for any great length of time. 

One f eatiure worthy of note in comparing the 
structure of the north flank of the San Emigdio 
Mountains with that of the Coast Ranges, 
to the northwest, is the fact that here in 
many, of the blocks bounded by faults the 
strata are folded into both anticlines and 
synclines. The faults are apparently entirely 
independent of the folds in position, and 
many of them in direction. In the central 
part of the Diablo Range the anticlines are 
characteristically faulted, and in the fault 
blocks the sedimentary rocks are folded into 
synclines only. An excellent example of 
structure of this type is shown by the region 
about Priest Valley, at the heart of the range 
west of Coalinga. The structure in this area 
is mapped and described in an earlier paper.^ 

1 Pack, R. W., and English, W. A., Geology and oil prospecta of 
Waltham, Priest, Bitterwatcr, and Peachtree valleys, Calif.: U. 8. Oeol. 
Survey Bull. 681, pp. llO-ieo, 1915. 
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The largest single structural feature in the 
San Emigdio Mountains is the San Andreas 
fault, or the ''earthquake line/' as it is com- 
monly known because of the fact that move- 
ments along this fault farther north were the 
cause of the San Francisco earthquake of April, 
1 906. This fault is traceable from a point north 
of San Francisco southeastward for several 
hundred miles to a point in the desert in the 
southeast comer of the State. Movements 
along the fault have been profound and in the 
area shown on the map have resulted in a vei^ 
tical displacement that aggregates mdny hun- 
dred or perhaps several thousand feet. Some 
idea of the magnitude of the movements along 
this line may be obtained by a view of the 
section on the east branch of Santiago Creek 
near the southern edge of the area shown on 
the geologic map. Here the Mesozoic granite 
on the north side of the canyon is in fault con- 
tact with the Miocene sands and gravels on the 
south. (See diagrammatic section E-E', PI. II.) 

Verv little evidence was obtained as to the 
precise nature ,of the faults, for the rocks they 
cut are not well suited to retain such evidence 
very long in recognizable form. From the 
meager evidence available, however, it seems 
probable that most of the faults are normal 
and that the dip of the fault planes is usually 
high. Certainly there is no evidence here that 
any fault is a thrust with even a moderately 
low dip. The faults in the north flank of the 
San Emigdio Mountains appear to belong to 
two main systems, those of one trending 
between N. 40** W. and N. 76'' W. and those 
of the other between N. 45'' E. and due east. 
It may be that the San Andreas fault, which 
would fall into the first-named system, should 
really be considered separately, for it appears 
to have a slightly more westerly trend than 
most of the other large faults of this system. 

The faults of the northwesterly system are 
represented in the area shown on the map 
(PI. II) by the fault that parallels the main 
branch of San Emigdio Creek above its connec- 
tion with WiUiams Creek, by the one that 
terminates on the west the granitic outcrop 
which lies north of the Devils Kitchen syn- 
dine, and by the one that passes through the 
hills just west of El Rincon. The faults of this 
system increase in size and in abundance 
toward the eastern edge of the area mapped, 
and in the Tehachapi Mountains, still farther I 



east, they are far more plentiful than they are 
anywhere in the San Emigdio Mountains. 

The faults of the easterly system are repre- 
sented by the fault that crosses Santiago Creek 
near the southwest comer of the San Emigdio 
grant, by the one that parallels WiUiams 
Creek, and by the one that crosses San Emigdio 
Creek at its mouth. 

DXTAILB OF BTKITOTirSS. 
ABBA WB8T OF SANTEAOO CRBEK. 

The strata in the foothills west of Santiago 
Creek are so crumpled and broken by irregular 
faults that about the only generalization which 
can be made regarding the structure here is 
that the complexity increases as the San 
Andreas fault is approached. 

In the outer foothills are the Cienaga syn- 
cline and the Pioneer antichne, which with the 
Wheeler Ridge anticline are the most easterly 
of the folds typical of the Temblor Range. 
The Cienaga syncline is asymmetric, the beds 
standing almost vertical upon its south limb 
but dipping southward at only 10'* or \h^ on the 
north limb near its east end. 

The Pionee^r anticline is almost symmetrical, 
and east of the faujt down Cienaga Canyon 
the beds are usually tilted not more than 20 '^ 
on either flank. Both anticline and syncline 
plunge eastward beneath the valley, but it is 
probable that both continue to affect the 
Tertiary strata beneath the alluvial cover as 
far eastward as the east line of R. 23 W. 

The exact position at which the fault that 
extends down Cienaga Canyon is drawn on the 
maps (PI. II, III, and XLIV) is determined 
largely by the topography. There may be 
and probably are other faults in the Tertiary 
rocks about Old Sunset, but the cover of 
alluvimn hides them completely. The Cienaga 
Canyon fault does not cross the Cienaga 
syncline, for although that fold makes a very 
abrupt bend, beds may be traced uninter- 
ruptedly across the canyon. 

AREA EAST 09 SANTIAOO CREEK. 

The chief folds in the San Emigdio Moxm- 
tains east of Santiago Crook are the Devils 
Eatchen syncline, the Pleito syncline, the 
unnamed anticline which separates these two 
troughs, and the Wheeler Ridge anticline. 
All these folds are fairly symmetrical and open. 

The Devils Kitchen syncline is one of the 
most picturesque features of the whole r^on. 
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for where San Emigdio Creek has cut & deep 
canyon directly across it the massive rocks in 
the lower part of the Vaqueros formation are 
clearly exposed, and one standing on the west 
side of the canyon may look across and follow 
with his eye some individual hed from the 
point where it dips northward at Eagle Best 
fully around the trough of the syndine to the 
point on the north flank where it dips south- 
ward. An excellent view of the syncline is 
given in the photograph shown in Plate VIII. 

East of San Emigdio Creek the syncline 
pitches directly eastward at an angle of about 
20^, and on the opposite side of the hill shown 
in Plate VIII, the massive sandstone and 
conglomerate crop out in the center of the 
syncline and, weathering to rock slopes almost 
barren of vegetation in places, form, a great 
rock trough. 

The axis of the anticline separating the 
Pleito and Devils Kitchen synclines has been 
mapped for a distance of only 2 or 3 miles 
between San Emigdio and Pleito creeks. The 
fold continues westward beyond San Emigdio 
Creek, however, for it is along this fold that 
the granite exposed north of the Devils Kitchen 
syncline crops out. Some importance attaches 
to this fold, for along it, if anywhere on the 
north flank of the San Emigdio Moimtains, the 
oil which may possibly have originated in the 
shales of the Tejon formation would be ex- 
pected to collect. The possibility that oil 
has collected here is discussed in another part 
of the report (p. 170). 

The Wheeler Ridge anticline is a slightly 
asymmetric fold that heads in an area of 
complicated structure just west of Coaloil 
Canyon and runs in a slightly curving course 
first eastward and then southeastward for 
some 6 miles, finally plunging beneath the 
valley. In a reconnaissance report on the 
south end of San Joaquin Valley Robert 
Anderson ^ described the Wheeler Ridge anti- 
cline as plunging westward west of Coaloil 
Canyon and likened the structure here to that 
of a dome. The swing in the course of the anti- 
cline near the Coaloil Canyon is, however, not 
due to a westward plimge. A cross fault 
passes through the hills just west of El Rincon, 
and although the field evidence is not quite 
clear as to whether the fault has cut the fold or 
whether the folding was subsequent to the 
faulting and only the beds east of the fault were 

1 U. S. G«oI. Survey Bull. 471, pp. 123, 124, 1912. 



flexed, it is certain that the change in the 
trend of the {(Ad is caused by the lault and not 
by a simple plimge of the fold. 

The northwestward-trending fault that 
passes through the low hills west of El Rincon 
and across Wheeler Ridge just west of Coaloil 
Canyon is one of the chief structural features 
of the r^on. It or a parallel fault evidently 
continues southeastward along the upper part 
of Grapevine Canyon (Cafiada de las Uvas) at 
least as far as Castac Lake, which lies 4 miled 
southeast of the southeast corner of the area 
shown on the geologic map (PI. II). In spite 
of the evident large size of this fault it is prac- 
tically impossible to get satisfactory evidence 
in the field either as to its exact position in 
the foothills or as to the attitude of the fault 
plane. The shale that crops out in the area 
just west of El Rincon is so crumpled, and the 
whole area lying between the axis of the 
Pleito syncline and Wheeler Ridge is so com- 
plex a mass of landslides that the attitude of 
tl^e outcropping rocks gives no clue as to the 
true structure. Even where the fault is 
supposed to cross the line of contact between 
the granite and the Tejon the surface is so 
covered with the granitic debris of rook slides 
from the higher parts of the range that the 
offset shown on the map is almost wholly hypo- 
thetical. 

A fault paralleling the fault just described 
crosses Tejon Pass (Canada de las Uvas) prac- 
tically at its mouth, and other short parallel 
faults cross lower Salt Creek. Moreover, the 
steep northward slope of the shale hill lying 
north of the axis of the Pleito syncUne and 
just west of the mouth of Salt Creek suggests 
that it too is determined by a break paralleling 
the larger one which lies a mile to the northeast. 

Both the fault along the main branch of 
San Emigdio Creek and that up Williams 
Creek, or faults parallel with and close to 
these faults, almost certainly continue south- 
ward to the San Andreas fault, forming thus a 
triangular fault block of which San Emigdio 
Moimtain is the highest point. The fault up 
the main branch of the creek is distinctly 
younger than the Devils Kitchen syncline and 
offsets the axis of that fold. This fault does 
not seem to cross the fault that passes down 
Williams Creek and is probably older. 

The etotward-trencUng fault that passes 
through the Tejon rocks about 2 miles above 
the junction of Williams and San Emigdio 
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creeks is a relatively small break. Its rela- 
tion to t|ie fault up San Emigdio Creek is not 
clearly shown. 

PETROLEUM. 
HISTOBT OF DEVSLOPHSNT. 

The presence of brea and seeps of heavy oil 
in the foothills of the Temblor Range at the 
south end of San Joaquin Valley has been 
known for at least 50 years, but owing in part 
to a lack of appreciation of the value of the 
petroleum resources of California as a whole, 
and especially to the lack of transportation 
facilities in this portion of the State, the Sun- 
set-Midway district received scant attention 
until the nineties. Even then the first serious 
efforts to devdop the resources of the region 
were concerned with asphalt rather than with 
petroleum, and the production of oil in the 
Sunset-Midway field may be said to date from 

1900. 

The pioneer work in the district was done by 
a company composed mainly of Bakersfield 
men, among whom were Solomon Jewett, 
J. A. Blodgett, John Hambleton, Judge J. O. 
Lovejoy, J. H. Woody, and W. P. Woods. 
This company located s6me 2,000 acres of 
land lying between the tar seeps at Old Sunset 
and the site of the present town of Maricopa 
and m 1889 prepared to drill for oil. The 
f ollowmg accoimt of the operations carried on 
before 1900 was written by Wallace Morgan, 
formerly editor of the Bakersfield Echo.^ 
It describes so well the details of these first 
efforts that it is here given in his own words: 

The fiiBt well sunk on this land and the fint put down in 
the Sunset field was drilled by William DeWitt, then of 
Tularo and now justice of the peace at that place. DeWitt 
reached a depth of 300 feet on the SW. } SE. } sec. 2, 
11-24, where he strack a strong flow of stilphur water. 
This well was located, like most of the early wells, in a 
bed of brea at the very outcropping of the mi-bearing 
strata. Less than half a mile to the east were drilled years 
later the productive wells of the Adeline Extension, and 
had DeM^tt tried his fortunes a little farther from the 
hills the early history of the Sunset field might have been 
more rosy. However, when he struck the artesian flow of 
sulphur water the present Tulare judge pulled up stakes 
and moved his derrick to the SW. [NW.7] i sec. 21, 11-23, 
about 5 miles to the southeast, where he found another 
bed of brea and where he drilled a well to a depth of 100 feet . 
The second venture was a little more encouraging, for a 
stratum (A heavy oil was found, and the thick, black semi- 
fluid rose in the casing and oozed over the top. 

1 The M orning Echo, vol. 31, No. 117, Bakersfield, Cal., Feb. 28, 1911. 
A somevbat briefer aoooont has been pablished by Mr. Morgan in his 
book entitled History of Kern Coonty, Cal., Los Angeles, Galif., His- 
torical Record Co., 1914. 



Meantime Charles Barnard, who had operated in Ite 
Ventura oil fields, * * * secured a 20-year lease in 
conjunction with Jewett and Blodgett on the 2,000 acres 
held by the Sunset Oil Go. * * * Barnard brought 
from Ventura a standard rig with which he began opera- 
tions on sec. 21, 11-23, near the site of De Witt's second 
attempt. Before he had gone 300 feet he had lost three 
strings of tools in the well and decided to move to the SE. } 
sec. 13, 11-24    . Here, at 300 feet, he got sul- 
phur water that flowed over the casing. He then sold 
out his interest in the lease to Jewett <Sc Blodgett. * * * 

Mr. Blodgett, who was the active member of the firm, 
had bought a standard rig from the Columbian Oil Co., 
which had abandoned drilling at McKittrick and was 
drilling along the break of the hills at Sunset, with indif- 
ferent success. He got oil in small quantities, but there 
was no transportation save by teams to Bakenfield, and 
the cost of hauling was prohibitive. 

In 1891 Jewett & Blodgett began making asphalt at 
Sunset, quarrying the native product from the beds where 
the oil had seeped out and dried and melting it in open 
kettles with a small amount of crude oil for a flux. The 
hot asphalt was drawn o£f into boxes and the sediment of 
sand and dirt was shoveled out of the kettles in preparation 
for another batch. The asphalt was hauled to Bakersfield 
by big teams of 16 to 24 horses and shipped east by rail. 
There was no local market. 

Of course the expense ate up the profits, and the men 
interested in the venture began an effort to secure rail 
transportation. H. F. Williams * * * took an inter- 
est in the project and * * * succeeded in bringing 
about an agreement between Jewett & Blodgett and the 
Southern Pacific Raiboad by which the latter, in 1892, 
undertook to build a railroad to McKittrick in two years 
and one to Sunset in five years in return for assurances 
from Jewett & Blodgett that the traffic would be sufficient 
to pay the operating expenaee. As a part of the agreement 
the Standard Asphalt Co. was organized, with Jewett & 
Blodgett and the railroad company as equal owners, and 
all the asphalt properties between Sunset and McKittrick 
weremeiged in the new concern . A little later the railroad 
offered an amendment to the agreement to the effect that 
it would at once construct the road to McKittrick if the 
building of the Siinset line was waived . The new arrange- 
ment was accepted and the McKittrick line was completed 

in 1893. 

« •   

The Standard Asphalt Co. took over the asphalt-making 
business of Jewett & Blodgett, but owing to the panic of 
1893 the venture did not pay, even with the better trans- 
portation facilities, and the partnership was dissolved, the 
railroad retaining the name of the company and taking the 
McKittrick end of the business, while Jewett <& Blodgett 
went back to their old firm title and took the Sunset end 
as their share. 

In 1894 W. E. Youle, an oil-well driller from the Newhall 
and Puente fields, was placed in charge of the development 
work of Jewett & Blodgett at Sunset. * * * 

Youle's first task was to pull the lost tools out of the old 
Barnard well on sec. 21, 11-23. Several wells were drilled, 
but they were all too near the outcropplngs, as it later 
developed, and their product was not sufficient even to 
supply oil for the flux needed in clarifying the natural 
asphalt. Then the plan of sinking shafts to supply t^c 
deficiency was tried. * *  
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There were difficultdee, too, connected with the process 
ol clarifying the nattiral asphalt in open kettles. In more 
ways than one it was like frying out lard, for a teaspoonful 
of water would make half a kettleful of hot asphalt boil 
over into the fire. Several plants were burned up in acci- 
dents like this. 

In 1894 Jewett & Blodgett had 16 wells at 
Old Sunset, the combined product from which 
amounted to about 30 barrels a day, the mate- 
rial varying from a heavy tar to oil of 16® 
Baum6. 

The following excellent description of the 
development of the Sunset field in 1894 was 
written by Watts,* who visited the region in 
that year for the State Mining Bureau: 

Messrs. Jewett & Blodgett bored two groups of wells in 
the mesa lands of the Sunset oil district. One of these 
groups,    "group 1,"    is in sec. 21; the 
other, « * * "group 2," is in sec. 28 [T. 11 N., R. 23 
W.]. In group 1 tJiere are 13 wells, one of these being 
1,300 feet in depth, the remainder varying from 80 to 500 
feet in depth. The 1,300-foot well yielded flowing water 
and much gas; the others yield a heavy oil by pumping. 
The 12 oil-producing wells are all situated within an area 
of about 400 feet in length and 30 feet in width. The 
1,300-foot well was bored a short distance in a northeasterly 
direction from the most northerly of the oil-yielding 
wells. The 12 oil wells yield altogether about 15 barrels 
of oil every 24 hours. The specific gravity of this oil varies 
in the different wells from about 12^ Baum^ to a heavy 
liquid asphaltum that requires to be heated by steam, 
which is forced to the bottom of the well, before the heavy 
oil can be pumped. Six of these are dry wells and are 
sunk to a depth of from 80 to 100 feet. The stratum yield- 
ing the greater ixnrtion of the heavy oil is about 35 feet in 
thickness. The other six are drilled wells varying from 
150 to 500 feet in depth. All these wells are sunk to a suffi- 
cient depth to form reservoirs at the bottom capable of 
storing the oil, which gathers during several days, for a few 
hours of pumping is sufficient to pump the oil accumulated 
during 24 hours. Each well is furnished with a pumping 
jack, consisting of knee and frame, which is securely 
anchored to the ground or mud sills. All these wf lis are 

pumped with lift pumps. 

« « • « 

The crude oil yields about 60 per cent of distillates, 
which have an average specific gravity of 20® Baiim^. 
The heat is increased toward the end of the process to 700® 
F., in order to expel the heavier distillates and make the 
refined asphaltum hard. It is the intention of the Sunset 
Co. to treat these heavy distillates by f|tu:tional distillation, 
and at the time of the writer's visit these distillates were 

being stored in tanks for that purpose. 

« * • * 

In 1892-93 Messrs. Jewett & Blodgett bored three wells 
on the mesa lands in sec. 28, at a point a little more than 
a mile from Oil Wells, group 1, and in a southeasterly direc- 
tion therefrom. [These are the wells of *' group 2."] 



1 Watts, W. L., The gas and oil yielding formations of the Central 
Valley of California: California State Mining Bur. Bull. 3, pp. 26-33, 
1R94. 



The oil yielded by the oil wells of group 2 is a dark-green 
oil and possesNs a lower specific gravity than that yielded 
by the oil wells of group 1. 

One of the wells drilled in the nineties in 
shown in Plate XXXII, A. 

The operations about Old Sunset were aban- 
doned shortly after 1894, and Jewett & Blod- 
gett moved their operations to Sunset, or 
Pioneer, as it was later known, in sec. 13, T. 
11 N., R. 24 W. In the later part of 1899 the 
Eem River field was discovered, and the suc- 
cess attained in the relatively shallow wells 
there gave a great impulse to the search for 
oil in the surrounding regions. Most of the 
land in the Sunset-Midway field was at this 
time located imder the provisions of the placer- 
mining law, but owing to the distance from 
the railroad drilling was actually started on 
biit few of the claims. In August, 1900,^ 
there were between Old Sunset and the site of 
the present town of Maricopa 16 wells, which 
ranged in depth between 250 and 400 feet and 
yielded between 10 and 25 barrels of oil of 11"^ 
Baum£. Another well 875 feet deep had been 
drilled in sec. 18, T. 11 N., R. 23 W., east of 
the main group. Besides the wells of Jewett 
& Blodgett the only other productive well in 
the Sunset field at this date was one belonging 
to the Monarch Oil Co., in the NW. J sec. 2, 
T. 11 N., R. 24 W., which flowed and was said 
to yield about 75 barrels of oil a day. 

About this time an agreement was reached 
with the Santa Fe Railway to build a line from 
Bakersfield to Simset, but before construction 
had been started an arrangement had been 
made between the Santa Fe ahd the Southern 
Pacific concerning joint ownership of feeder 
lines from points conmion to the two roads. 
The Simset Railroad was to have been com- 
pleted in 1901 but was not actually finished 
until 1902. This delay in the completion of 
the road had a serious effect on the field, for 
upon the annoimcement that a railroad was to 
be built to Sunset that field became the scene 
of great activity, all vacant land about Sunset 
and in what is now the Midway field was 
located, and drilling was started on many of 
the sections. Most of the wells about Sunset 
got small quantities of petroleum, but by the 
time the railroad was completed and adequate 
means for shipping the oil were provided the 

'Watts, W. L., Oil and. gas yielding formations of California: Cali- 
fornia State Min. Bar. Bull. 19, p. 123, 1900. 
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price for oil had dropped so low that few of the 
companies could live. 

The drop in the price of oil affected the 
Midway field even more seriously, for it was 
at that time without proper transportation 
facilities, and all lumber, machinery, and fuel 
had to be hauled by team either from Sunset 
or from McEittrick. At first drinking and 
even drilling water had to be hauled from the 
Miller & Lux well far out in San Joaquin Val- 
ley. The difficulties under which the first 
operations were conducted here are described 
as follows in an article published in the Mari- 
copa Oil News in July, 1914: 

The fiiBt drilling in the [Midway] field was hy the 
Oregon Midway, on sec. 4, 32-23, with a patent rig. 
Three wells were drilled, but with the rig 600 feet was 
the greatest depth to be reached. A standard rig was 
secured and a hole drilled to 1,000 feet. The drilling 
water had to be hauled by team from the Miller & Lux 
hog ranch. In 1901 the Producers* Guaranty Co., which 
guaranteed to strike oil in two years or refund the amount 
paid for stock, began drilling. On its ftrst well the drillers 
were paid |5 per foot, the company furnishing all ma- 
chinery, supplies, water, and fuel. On February 26, 1901, 
the machinery was hauled across the bed of Buena Vista 
Lake, which was then dry, no water having been in it for 
three yean. On May 1, 1901, the fint oil was struck, at 
1,407 feet, the casing being 7| inches. For this work the 
water cost $1.25 per barrel delivered at the well. After 
the water was delivered the company had to permit the 
10-mule teams used to haul if to drink from it. They used 
about half the water hauled. Fuel oil was secured from 
Sunset, it requiring four days to bring a tank of oil. It 
cost $2.90 per barrel, and hauling cost $15 per day for the 
team. 

On May 15, 1901, the first Midway oil sold was from the 
Producers' Guaranty to the Oregon Midway for fuel, 
they having been buying from McKittrick. Among other 
drilling companies was the G. C. M. Oil Co., the Bay City, 
the Mascot, the Judge, the Crump, and the Pittsburg. 
The Producers' Guaranty had a production of 250 barrels 
per day, though it was pumping but 12 hours a day. In 

1902 Buena Vista Lake filled up and the Producers' 
Guaranty Co.'s four wells had water trouble. This dis- 
appeared two years later, when the lake went down. In 

1903 the oil industry in the Midway ''blew up," as there 
was no way to ship it, and Kern River oil was selling at 10 
cents per barrel. This continued until 1907. In that 
year Boust and others formed the Knob Hill Co., and also 
leased land to other companies, which began work and are 
now among the producers. 

In 1907, with the return of adequate prices 
for oil, the Sunset-Midway field started its 
tremendous growth that has continued up to 
the present time. (See PI. XXXIII.) Pros- 
pecting gradually left the foothills along which 
it had hugged, spread boldly out over Midway 

100288**— 19 5 



Valley and the Buena Vista Hills, and in 
1910 entered the Elk Hills. . During this time 
the field passed through the period of specula- 
tion common to most new mining camps. 
Titles to mining claims changed hands many 
times in a few weeks, each time at an increase 
in price. The price for claims covering tracts 
several miles from any producing well increased 
from a few dollars to $1,000 or more an aore, 
and those holding a clear title to the land were 
able to command even higher prices. The 
maximum price attained was reached in 1910, 
just after the famous Lakeview No. 1 gusher 
started flowing, when $200,000 is reported to 
have been offered and refused for a tract of 20 
acres lying close to that wqH. 

Prior to 1909 the producing wells that had 
been drilled furnished oil by pumping or flowed 
moderately, but none had produced more 
than a few hundred barrels a day. In Novem- 
ber, 1909, the Chanslor-Canfield Midway Oil 
Co. brou^t in a well near Fellows that flowed 
at a rate of about 2,000 barrels daily. This 
was the first of the big wells of the field. 
During the following year more than 25 
flowing wells with an initial production of 
1,000 barrels or more had been brought in, and 
up to the present time (1916) over 100 such 
gushers have been drilled. 

The most famous of these wells was the first 
Lakeview gusher, in sec. 25, T« 12 N., R. 24 
W., which came in March 14, 1910, and the 
following day produced approximately 18^000 
barrels of oil. Within a few days the well was 
far beyond control. It continued to flow for 
18 months, finally stopping September 9, 
1911, after it had produced over 8,000,000 
barrels of oil, about 6,000,000 barrels of which 
had been saved. The daily production of the 
weU varied greatly, reachiol a maximum of 
about 65,000 barrels. At first the product 
was practically clear oil having a gravity of 
18° to 21** Baum6, but in a few weeks water 
and emulsion appeared and gradually in- 
creased in amoimt, forming some 60 per cent 
of the daily product on January 1, 1911. 

The pipe lines leading from the field were 
inadequate to carry the product of the field 
while the Lakeview well was flowing, and much 
of the oil from that well was stored in earthen 
sumps constructed hastily by throwing dams 
across small canyons in the foothills. Here 
the oil stood for weeks or months exposed to 
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the sun^ and when ^ally marketed it had lost 
most of its lighter constituents. 

About this same time a group of flowing wells 
in the North Midway field was attracting much 
attention. The first of these wells was that of 
the Mays Oil Co. (now the Consolidated Mu- 
tual), in sec. 30, T. 31 S., R. 23 E., which started 
to flow on March 7, 1910, at a rate of over 
10,000 barrels a day. In close succession fol- 
lowed the wells of the St. Lawrence Oil Co.; 
those of the Pioneer Midway Oil Co. (now the 
Associated Oil Co.) ; well No. 2 of the C3ianslor- 
Canfield Midway Oil Co., in sec. 36, T. 31 S., 
R. 22 E.; wells of the Mammoth and Eagle 
companies, in sec. 31, T. 31 S., R. 23 E., of the 
Midway Premier Oil Co., in sec. 5, T. 32 S., R. 
23 E., of the Midway Premier Oil Co., in sec. 5^ 
T. 32 S., R. 23 E., and of the United Oil Co., in 
sec. 6, T. 32 S., R. 23 E. The greatest of these 
North Midway wells was No. 79 of the Ameri- 
can Oilfields Co., in sec. 36, T. 31 S., R. 22 E., 
which came in April 3, 1910, making 400 bar- 
rels of oil the first day. The production gradu- 
ally increased \mtil in June it was making over 
1,000 barrels of oil. Late in July it broke 
loose and for a time produced at a rate of over 
20,000 barrels daily. After a couple of months 
the tremendous gas pressure was exhausted 
and the production dropped to a rate between 
1,000 and 2,000 barrels daily, which was main- 
tained for more than three years. 

Another group of flowing wells was obtained 
early in 1910 by the Standard Oil Co. along the 
foothills of the main range in sec. 30, T. 32 S., 
R. 24 E. These wells flowed imder perfect con- 
trol, two of them for a time individually pro- 
ducing as much as 7,500 to 10,000 barrels 
daily. 

In the meantime drilling in the Buena Vista 
TTillft had met with success. The pioneer well 
here was that drilled in sec. 10, T. 32 S., R. 24 
E., by the Honolulu Consolidated Oil Co., 
which in 1909 obtained a strong flow of gas at 
a depth of a little more than 1,600 feet. The 
company was then entirely unprepared to 
handle gas under such heavy pressure, and the 
well ran wild for about two months. Eventu- 
ally it was deepened more than 2,500 feet, and 
early in 1910 it produced light-gravity oil flow- 
ing at a rate of 2,000 or 3,000 barrels daily. 

Later in the same year the company ob- 
tained large flows of gas from wells in sees. 4 



and 6 of the same township. In the north end 
of the Buena Vista Hills the Standard Oil Co. 
obtained big gas wells in sees. 22 and 26, T. 31 
S., R. 23 E., the first of which was brought 
in October 11, 1909. At first the gas foxmd 
but little utilization other than to supply 
fuel for drilling operations on near-by prop- 
erties, but in 1910 the Standard Oil Co. started 
to use it in its pumping station in Midway. 
Later the CaUfomia Natural Gas Co. laid a 
line to the Elk Hills to serve drilling companies 
there and finally extended its lines to Bakers- 
field, first serving that place on December 29, 
1911. As early as 1910 the project of piping 
gas to Los Angeles was considered, but it was 
not until November, 1911, that the Midway 
Gas Co. was incorporated for the purpose of 
constructing the necessary transmission main. 
In September, 1912, a 12-inch line 111 miles 
long was completed to West Glendale, near Los 
Angeles, and service was started April 28, 1913. 
Since 1911 all parts of the, field have shown 
steady growth, the greatest amoimt being in the 
Buena Vista Hills, in North Midway, and in 
Maricopa Flat. The last-named area attracted 
much attention during 1912, 1913, and 1914, 
having a group of flowing wdJs, among which 
were those of the Obispo, Spreckels, Miocene, 
Midland Oilfields, and General Petroleum com- 
panies. The most spectacular of these weUs 
was that of the Lakeview No. 2 Oil Co., which 
came in May 10, 1914. Like the old Lakeview 
well, this well baffled the efforts of the com- 
pany to control it, and soon the casing had been 
cut away and a crater-like hole about 60 feet 
across excavated about the mouth of the 
well. The well flowed until October 25, 1914, 
and the total amoimt of oil produced up to 
that time was roughly estimated at about 
6,000,000 barrels. The rate of production 
varied greatly, but the well is said to have made 
as much as 50,000 barrels in a day. Like the 
old Lakeview, and indeed like most of the big 
flowing wells, this well produced at first prac- 
tically clear oil, but water and emulsion soon 
appeared and, increasing in amount, came to 
form as much as 80 per cent of the total 
product. 

PBODUCnON. 

The following table has been prepared from 
figures furnished to the Survey by the operating 
companies. (See also PI. XXXIV.) 
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Oil marketed in the Midway and Sunset ields, Cal,, 1900- 

1918y in barrels. 



Year. 


Sunset. 


Midway. 


Total. 


1900 


012,000 

189,000 

133,000 

181,000 

276,000 

317,000 

563,000 

567,000 

1, 556, 000 

1, 713, 000 

c 7, 157, 000 




12,000 


1901 


4,000 

5,000 

5,000 

08,000 

13,000 

(*) 
134,000 

410,000 

2, 095, 000 

10, 436, 000 

21, 196, 000 

23, 928, 000 

32, 349, 000 

37, 863, 000 

29, 930, 000 

31, 840, 000 

28, 830, 000 

32, 517, 000 


193,000 


1902 


138,000 


1903 


186,000 


1904 


284,000 


1905 


330,000 


1906 


563,000 


1907 


701,000 


1908 


1, 966, 000 


1909 


3, 808, 000 


1910 


17, 593, 000 


1911 

1912 

1913 

1914 

1915 

1916 

1917 

1918 


ic6,350,000 
c 6, 509, 000 
6, 212, 000 
9,242,000 
8, 731, 000 
7, 358, 000 
6,681,000 
7, 432, 000 


27, 546, 000 
30, 437, 000 
38, 561, 000 
47, 105, 000 
38, 661, 000 
39, 198, 000 
35, 511, 000 
39, 949, 000 



i 



322, 742, 000 



a Estimated. 

h Included In Snuset field. 

c Tty<i^*^^y some from Midway field. 

PIPE UNSS. 

Most of the oil from the Sunset-Midway field 
is delivered to the large pipe-line companies 
and by them pumped to tidewater. The lines 
leading from the field are described below. 

OIL LINES. 

Standard OH Co. — ^Two 8-inch linee 32 miloB long from 
Midway to Kern River, with 14 miles of 12-inch loop. At 
Kern River theee lines join the main valley system of the 
company that runs to Point Richmond, on San FYandsco 
Bay. Capacity about 65,000 barrels daily. 

Auodated Pipe Line Co, — One 8-inch line 279 miles long 
from Sunset through the ^lldway field to San IVandsco 
Bay. Capacity about 26,000 barrels daily. 

Producers Transportation Co. — One 8-inch line 50 miles 
long from Sunset through the Midway field to Jimction 
station, at the north end of the Temblor Range. Capacity 
about 30,000 barrels. At Junction this line meets the 
8-inch lines from Coalinga and Lost Hills, and the oil is 
ptmiped through two 8-inch lines 74 miles westward to 
Port San Luis, which is on the coast about halfway frqim 
San Frandaco to Los Angeles. 

General Pipe Line Co. — One 8-inch line from Midway to 
Los Angeles, a distance of 156 miles. Estimated daily 
capacity of line about 25,000 barrels. A branch 8-inch 
line extends from Lebec, in the Tehachapi Mountains, 52 
miles eastward to Mohave, where the oil is topped before 
shipping it by iail. 

OAS UNBS. 

Midway Oas Co. — One 12-inch gas line from Midway to 
West Glendale, near Los Angeles, a distance of about 115 
miles. In 1915 only about 15,000,000 cubic feet of gas was 
sent through the line daily, but it is said that 35,000,000 
cubic feet of gas has been delivered in a day. 



Valley Oas Co. — ^Line from Midway to Bakersfield, a 
distance of about 40 miles. Pipe of different sizes. 
Capacity about 1 ,800,000 cubic feet a day on a 4-ounce base. 

WATXR SXTPPLT.i 

The east flank of the Temblor Range containH 
no perennial streams and very few springs that 
flow, except during the wet season. Moreover, 
the ground water throughout the foothills is 
not potable, and all the water used in the 
Sunset-Midway field for domestic purposes and 
much of that for boiler supply and drilling pur- 
poses is piped in from sources outside the pro- 
ductive field. 

The lack of a sufficient water supply severely 
handicapped the first operators in the field, 
and it was not until the Western Water Co. had 
completed its system that the field had an ade- 
quate supply. The first operators in the Sun- 
set field were dependent for boiler and drilling 
water upon sulphur-water wells, chiefly those 
in sees, 12 and 13, T. 11 N., R. 24 W., and 
before the railroad was completed drinking 
water was hauled by wagon from springs in the 
west end of the San Emigdio Mountains. It is 
said that this water costs 10 cents a barrel at 
the springs and that it took a full day to make 
a round trip from Sunset. The Midway field 
was hardly more fortunate, as it was dependent 
upon the small supply furnished by the 
Chanslor-Canfield Midway Oil Co. and the 
Stratton Water Co. Drinking water for use 
in many of the camps and in the towns was 
hauled by the Sunset Railroad in tank cars 
from Kern River, on the east side of Sail 
Joaquin Valley. 

In 1914 the field was supplied from a number 
of sources at an average price of about 3 cents 
a barrel. The chief supply is that furnished 
by the Western Water Co. from sfiallow wells 
at the north end of Buena Vista Lake. This 
water is used throughout the field for domestic 
and boiler water. 

The Chanslor-Canfield Midway Oil Co. pipes 
water for its own use and for the use of some 
of the companies in the north end of the Mid- 
way field from Santa Maria Valley, west of 
McKittrick. This was one of the firat supplies 
developed for use in the Midway field, and in 
the early days the water was sold for 21 cents 
a barrel. The water is used both for domestic 
purposes and in the boilers. 

> Analyses and a diacusslon of representative waters used for industrial 
piirpases are giyen in Part n of this report (Prof. Paper 117, Table 17, 
p. 78). 
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The Standard Oil Co. pipes water to its 
camps from the east side of San Joaquin Valley. 
With the possible exception of the water from 
the Wagy ranch and that from Santiago Creek 
used at ihe Western Minerals camp this is the 
best water in the field. 

Sufficient water for domestic use in Maricopa 
is piped from the Wagy ranch, in sec. 12, T. 9 
N., R. 24 W. The water here issued from 
Tertiary sedimentary beds in the bottom of 
Ballinger Canyon. 

The camp of the Western Minerals Co. near 
Old Sunset is supplied with splendid water 
from springs in a faulted area on Santiago Creek 
in the west end of the San Emigdio grant. 
The water issues from early Tertiary sedimen- 
tary beds dose to the granitic rocks, with 
which they are in fault contact. 

Water so heavily charged with mineral salts 
as to be useless for domestic purposes is fur- 
nished as boiler and drilling water by a number 
of wells. The water is of varied character, 
some of it highly charged with sulphur or hy- 
drogen sulphide, and some of it, chiefly that 
from the deeper wells, saline. The principal 
companies furnishing water of this type are 
the August Water Co., from wells in sec. 35, T. 
32 S., R. 23 E., and sec. 31, T. 32 S., R. 24 E.; 
the Stratton Water Co., from wells in sec. 7, T. 
32 S., R. 23 E.; and the Northern Oil Co., from 
wells in sec. 12,.T. 11 N., R. 24 W. 

The waters of Buena Vista Lake are con- 
trolled by a large land company and used for 
irrigation in the central part of San Joaquin 
Valley. Only a single company, the Honolulu 
Consolidated, uses this water in the oil field. 
This company maintains a pumping station in 
sec. 1, T. 32 S., R. 24 E., from which it pumps 
drilling aiyl boiler water to its properties in 
Buena Vista Hills. 

WITHDRAWALS. 

Ever since the discovery of oil in the Midway 
field, but especially during the period of rapid 
development from 1900 to 1910, numerous 
conflicts have arisen between different persons 
who had one or another sort of claim upon the 
same tract of land. Such conflicts inevitably 
arise in any new mining district, but they have 
been especially numerous and especially trou- 
blesome in the oil fields of the public-land 
States, on account of the lack of satisfactory 
laws governing the disposition of oil and gas 



contained in the lands belonging to the Gov- 
ernment. 

When oil was first discovered in the Sunset- 
Midway region most of the land was still a 
part of the public domain, and application for 
title to it was made under the laws governing 
the. disposal of the public lands. Not only 
were many tracts located according to the 
regulations prescribed by the mining laws, 
but application was made for these same tracts 
under the laws providing for the disposal of 
agricultural lands. Most of the land in the 
Sunset-Midway oil field is clearly without value 
for farming, and the sole purpose of most of the 
agricultural entries was to enable the applicants 
to obtain valuable deposits of oil and gas. 

In order that the prospector might be pro- 
tected as thoroughly as possible from these 
unnecessary conflicts, the lands thought to be 
valuable for petroleum were withdrawn from 
agricultural entry on September 14, 1908. (See 
PI. XXXV.) Although this withdrawal was 
of great service in reducing the number of 
unnecessary conflicts and in protecting the 
prospector who was operating in good faith, the 
fact, which had long been known, that the 
placer-mining law is a sad misfit as applied to 
oil and gas lands, became increasingly appar- 
ent. This law was framed to apply to lands 
containing solid minerals that lay at or close 
to the surface, and the attempt to apply 
such a law to lands containing oil and gas that 
lay many hundred feet below the surface led 
to many difficulties, not the least of which was 
the necessity for making a discovery before 
patent could be granted. This requirement of 
an actual discovery of mineral upon the land 
made it necessary for the applicant to drill 
upon land to which he had no legal title nor 
could have imtil his well obtained oil or gas. 
In many places rival claimants drilled wells 
upon the same tract, the first to obtain oiLor 
gas getting title to the land. Naturally the 
necessity for making the discovery as soon as 
possible under such conditions led to hurried 
and reckless drilling, and wells were put down 
without proper regard for the protection of 
the oil sands. 

Bad as such a state of affairs is, the existing 
laws and customs foster a condition that is 
even more regrettable, for they make it practi- 
cally impossible to regulate the production of 
oil in accordance with the demand existing for 



r 



P4 



-< 

o 

M 
00 
03 
K 

c 



TUN. 



•8 



T.ION. 



> 

P 

M 

c 
c 

1-3 

c 
{£ 

c 

CD 



II 



P0( 
O 



§3 

Ll. 



S|3 



^1 



T3 

C 



E V c LrV vc 



ii 
o 



<n 










•J 

c 



o 
u 

c 
o 









s 

D 

s 

o 



A. 

z. 

a 

< 

< 

X 



1-3 
O 
PS 



u 
o 



SIGJ. 



*S7€1 



Klli'X 



'NOI'l 



rt^- 



PETROLEUM. 



69 



it. As a result the fields have suffered many 
times from a tremendous overproduction, ne- 
cessitating the storage of light-gravity oil in 
earthen sumps exposed to the sun, so that by 
the time the oil was marketed many of the 
lighter and valuable constituents had been lost 
by evaporation. 

In order thoroughly to understand the 
reasons for this state of affairs the great 
difference between deposits of solid minerals 
and those of fluids such as oil and gas must be 
appreciated. In deposits of solid minerals a 
certain definite amount of the minerals is con- 
tained in a certain definite place and will re- 
main there until it id xnined out. On the other 
hand, no definite* amount of oil or gas is attach- 
ed to any particular tract of land, and even 
though no attempt is made to obtain the oil 
underlying a certain area by drilling wells upon 
that area itself, part of the oil lying beneath the 
surface of this tract or even, if the tract is 
smaU, practically all of it may be drained out 
by wells drilled upon adjoining lands; or such 
wells may so alter the normal conditions, as 
for example by letting water into the oil 
sands, that weUs drilled later upon the tract 
itself can not obtain oil at a conmiercial profit. 
Moreover, the first well drilled into the oil 
sand has a great advantage over the near-by 
wells drilled later, for it gets the full benefit 
of the initial gas pressure, and in consequence its 
production during its early life is greater than 
the initial production of the later wells. Also 
it is evident that this fiiist well establishes 
lines of drainage in the oil sand along which oil 
moves more readily than it does in other direc- 
tions, for even though several wells iM*e drilled 
on a tract of land, the first one will continue to 
drain a large area, part of which lies much 
closer to the later wells than to the original 
well. Commonly, therefore, other things being 
equal, the production of this first well continues 
to be greater than that of any of the later wells. 

Thus it is apparent that a tract, particularly 
a small tract, of land lying within a producing 
oil field can not be considered to have a con- 
stant potential value as oil land, and the safest 
way to obtain the maximum yield of petroleum 
is to exhaust the oil sand as quickly as possible 
once it has been tapped. 

Another factor that makes for the rapid de- 
velopment of an oil field, or indeed of any min- 
eral deposit, is the interest upon the capital 



invested. Were the market price of the prod- 
uct constant, the most profitable method of 
handling a property would be the one that, 
without unduly increasing the cost of extrac- 
tion, exhausts the property soonest. Of course, 
many conditions must be considered in deter- 
mining the rate at which the property is to be 
developed, and a nice adjustment must be 
effected between interest on capital invested, 
on the one hand, and the market price or the 
demand for the product and the increased cost 
of production that attends an increase in the 
rate of production, on the other. With de- 
posits of soUd minerals this adjustment can be 
made with relative ease; for, as a rule, no irrep- 
arable injury results from closing down tem- 
porarily when the demand for the product is 
less than the supply. In an oil field, however, 
such an adjustment can not be made easily, 
for the policy adopted by one operator must of 
necessity influence that of his neighbor, and in 
many fields instead of temporarily closing down 
a property during periods of overproduction 
and consequent depression of price it is neces- 
sary to continue drilling new wells. 

The conditions under which one producer is 
operating — ^perhaps the terms of his lease, per- 
haps his need for oil for his own use in other 
business, or to fill a contract — ^may make it 
necessary that he increase his production by 
drilling a new well. Now, in drilling a tract of 
land it is an almost universal custom to place 
the first wells close along the boundary of the 
property, with the avowed intention of drawing 
oil from as much of the neighboring land as 
possible. Where such a line well is drilled the 
owners of the adjoining property must either 
themselves drill a well to offset that drilled by 
their neighbors or sit idly by and allow oil to 
be drained from beneath their land. Should 
the first well be drilled in the comer of a tract 
where four properties join, three offsetting 
wells may be necessary, all of which may be 
drilled most unwillingly by the owners, and all 
further flooding an already overloi^ed market. 
Clearly, the law that cuts the field up into small 
imits and then forces production upon each of 
these units is not a law that fosters con- 
servation. 

In view of these conditions, and also because 
of the advisability of reserving for the Navy an 
adequate supply of fuel oil, the Geological Sur- 
vey recommended that certain tracts, which 
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included practically the whole of the Sunset- 
Midway field, be withdrawn from entry, and on 
September 27, 1909, the Secretary of the In- 
terior issued an order providing that 

In aid of proposed legislation affecting the use and dis- 
position of the petroleum deposits on the public domain, 
all public lands in the accompanying lists are hereby tem- 
porarily withdrawn from all forms of location, selection, 
filing, entry, or disposal under the mineral or nonmineral 
public-land laws. 

Since this first departmental withdrawal was 
made several Executive orders have been issued 
providing for the withdrawal of certain areas 
in the Sunset-Midway field and for the restora- 
tion to entry of areas which the field examina- 
tion by the Geological Siu*vey showed to be not 
oil bearing. 

A full discussion of the objects for which the 
withdrawals of land in the California field were 
made and a history of these withdrawals would 
be hardly appropriate here, even if space would 
permit. One who is interested in this phase of 
the question will find an excellent account in a 
report by Ball.* 

As yet (1918) no satisfactory method for the 
disposal of oil and gas upon the public lands has 
been evolved by Congress, and the ultimate 
purpose of the withdrawals has not been 
achieved. Those withdrawals have, however, 
accomplished two very definite things neither 
of which entered into the calculations of those 
who had to do with ordering the withdrawals. 
One of these results is so obvious as to be ap- 
preciated by everyone, but the other is more 
obscure. In the first place the withdrawal of 
September, 1909, was made so abruptly that 
" it knocked the breath, for the moment, from 
the California oil industry." The vaUdity of 
the withdrawal was questioned by many, and 
work was continued despite it. Litigation that 
appears endless has arisen and bids fair to out- 
live the field itself. Many operators who with 
the best of intentions started development work 
on the pubUc lands in the oil field have found 
their ventures anything but profitable. But, 
on the other hand, though the effect of the with- 
drawal on individuals has thus been harsh and 
for many almost ruinous, the effect on the oil 
industry of California as a whole has been dis- 
tinctly beneficial, for these orders more than any 
other one thing served to keep down excessive 
drilling during the boom days when a great 

1 Ball, M. W., Petroleam withdrawals and rostoratlons affecting the 
pubUc domain: U. S. Geol. Survey Bull. 623. 1016. 



overproduction threatened. Had it not been 
for the retarding effect they had, it is probable 
that in 1910 the market would have been so 
flooded and the price of oil so reduced that 
many of the companies now operating would 
have been forced out of existence. 

OBiam OV THE PBTBOLEUM. 

The chief reservoirs of petroleum in the 
Sunset-Midway district are the feebly consoli- 
dated sandy beds of the McEattrick group, but 
the petroleum is believed to have originated 
not in these beds but in the fine-grained beds 
of organic origin that make up so large a part 
of the Maricopa shale and of the upper portion 
of the Vaqueros formation in ^certain parts of 
the region. These fine-grained beds are chiefiy 
the so-called diatomaceous shales, which are 
composed in large part of the remains of minute 
plants and animals — diatoms and fonunini- 
fers — and it is from the decomposition and 
alteration of these organisms that the petroleum 
now found in the Simset-Midway field results. 
In parts of the region the organic material con- 
tained originally in the fine-grained beds ap- 
pears to be not so much the remains of diatoms 
as of larger terrestrial vegetation, and it is 
probable that part of the petroleum has been 
formed by the alteration of this coarser vegetal 
material. But in any case it seems clear that 
the ultimate source of the petroleum is the 
organic material originally contained in these 
beds. 

There is nothing new or startling in the 
theory that the petroleum in California has 
been formed from the organic material con- 
tained in the diatomaceous shales, for those 
shales have long been considered the source of 
the oil. The reasons that they have been so 
regarded have recently been discussed some- 
what in detail,* and anyone particularly in- 
terested in this phase of the subject is referred 
to that report, for the discussion will not be 
repeated here in detail. The chief reasons sup- 
porting the belief that the oil has had such an 
origin are, however, about as follows: 

In the first place, the rocks in the vicinity of 
the oil field are sedimentary, igneous rocks be- 
ing notably few, and, unless one holds to the 
belief that the oil has migrated from some 
source deep within the earth — and of such a mi- 
gration there is not the least bit of evidence in 

> Anderson, Robert, and Pack, R. W., Geology andoUresouroes of the 
west border of the San Joaquin Valley north of Coalinga, Calif.: U. S. 
Oeol. Survey Bull. 603. pp. 194-303, 1015. 
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the Sunset-Midway region — ^he is forced to the 
conclusion that the oil must have originated 
in the sedimentary rocks themselves. The 
diatomaceous shales and the shales that con- 
tain a lai^e amount of carbonaceous matter are 
believed to be the beds in Which the oil origi- 
nated, because these beds are the only ones that 
contain or have contained material from which 
it is at all reasonable to expect that oil would 
form. There are no considerable amounts of 
limestone in the section, and the coarse detrital 
beds composed wholly of fragments of rocks of 
'various types are hardly to be considered aa a 
source of oil. Moreover, the field evidence 
supports the theory that the diatomaceous 
shales, or shales of similar type, are the beds 
in which the oil originated, for not only do 
practically all the oil fields in California lie in 
areas that contain considerable amounts of 
shale of this type, but the oil sands within the 
fields exhibit a notable tendency to lie either 
within the diatomaceous shale formations or 
immediately adjacent to them. Although the 
sedimentary beds in the oil field may be many 
thousands of feet thick, the oil sands are clus- 
tered in and about the relatively small part of 
the section occupied by the shale, and thou- 
sands of feet of beds that underlie and overlie 
the shale are, where not in contact with the 
shale, barren of oil. 

Finally, it is of interest to note that at the 
south end of San Joaquin Valley the diatoma- 
ceous shale appears to be fairly pure — that is, 
the proportion of it composed of the remains 
of these minute organisms is large — and also 
that the formation is about as thick here as it 
is in any other part of Calif omia. For it is just 
here that the largest and most productive oil 
field in the State is located. 

FACTOBS INTLITENCINa ACCTJMlTIiATIOK OF THB 

OIL. 

In most regions where oil is found it is diffi- 
cult to reach any very definite conclusion as to 
the exact material from which the oil was 
formed, or to determine precisely how or 
why the oil has concentrated in certain areas 
in sufficient amounts to form commercially 
valuable ''pools." Although, as has been 
shown in the preceding section, the fact appears 
to be established that the oil in the California 
fields has originated from the organic material 
contained in the diatomaceous shales, the pre- 
cise way in which the oil hasLConcentrated, or, 



indeed, the reasons why it has concentrated at. 
all, are no more easy to imderstand for these 
fields than for most other fields. Certain 
geologic features, however, appear to have 
played a large part in the determination of the 
location of the pool and of the position of the 
productive oil sand within the pool. The fol- 
lowing brief description of the lai^er geologic 
features that control the accumulation of the 
oil along the west side of San Joaquin Vallej is 
based upon a study which extended over several 
years of the geology of the Coast Banges of 
California. Much of the material presented in 
this section has been published in an earlier 
report.^ The section describing the lesser 
geol(^c features that control the position of the 
productive oil sand within the pool is based 
laigely upon the writer's detailed study of the 
SuHsetr-Midway field, chiefly the study of the 
data made available by the drilling. 

LARGER OEOLOGIO FEATURES DETERIONINO THE 
IXX?ATION OF THE OIL FIELD. 

The main geologic features of the east flanks 
of the Temblor and Diablo ranges are fairly 
constant; for not only do both ranges lie on the 
edge of the great structural trough occupied 
by San Joaquin Valley, but the rocks making 
up the two ranges are of the same general char- 
acter and are bent and folded in the same gen- 
eral way. The oil fields within this region do 
not, however, form a continuous belt from one 
end of it to the other but are scattered through 
it irregularly, the position they occupy being 
determined by certain definite geologic features. 
Just what the chief of these feature are it has 
been relatively easy to determine by a com- 
parison of the productive oil fields with the 
ncmproductive areas. 

TTie chief geologic difference between the 
areas along the west side of San Joaquin Val- 
ley which contain commercial accumulations 
of oil and thos^in which oil, if present at all, 
is disseminated through the rocks, is that in or 
near the productive areas there are thick masses 
of diatomaceous shale and the rocks are bent 
into anticlines that serve as traps in which the 
oil is held; whereas the areas in which no com- 
mercial pools occur do not contain both the 
shale and the structural trap, although they 
may contain either one or the other. 

1 Anderson, Robert, and Pack, R. W., U. 8. Gcol. Survey BuU. 603, 
pp. 11&-121, 1915. 
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Tlub general statement holds good for the 
whole west side of San Joaquin VaUey^ for no 
oil field has been developed within this area 
that does not contain both the shale in which 
the oil has originated and the structural trap 
in which it has been held. 

The importance of the obliquely trendhig 
anticline and of the deposits of diatomaceous 
shale as factors determining the position of 
commercial pools along the west side of San 
Joaquin VaUey has been discussed in some 
detail in an earlier report,* from which the 
following quotation is taken: 

The conclusion appears unavoidable that the dominant 
factor influencing the accumulation of oil along the eastern 
flank of the Coast Ranges is the presence of the anticlinal 
folds in the formations bordering the San Joaquin VaUey 
and the corresponding synclines back of these anticlines. 
* * * In the whole region from the San Emigdio Moun- 
tains to Tesla not one of the well-develox)ed folds that 
border the edge of the valley lacks evidences of the pres- 
ence of oil either in or near it. On the other hand, there 
is no evidence of oil at any point not in the general neighbor- 
hood of one of these folds. It is not meant to be implied 
that oil occurs solely along the anticlines, for that is not 
true, but, as will be brought out below, oil invariably 
occuis either along such a fold or within an area believed 
to have been influenced by it. An examination of the 
province reveals the fact that in addition to seeps or evi- 
dence of oil obtained by wells along the anticlines that 
border the valley, similar indications occur almost inva- 
riably in the synclines and minor folds back of these anti- 
clines at points along or in the foothills, whether the beds 
are or aie not folded at such interior points in a way that 
would ordinarily be considered favorable for the retention 
of oil. On the other hand, where there is no anticline near 
the edge of the valley no sign of oil appears either at the 
edge of the hills or farther back, even though the char- 
acter and attitude of the beds are practically identical with 
those of the oil-bearing beds at such interior points as are 
above mentioned. In other words, where an ^outlying 
anticline occurs the strata on the farther flank of the inlying 
syncline are oil bearing, even though they may be steeply 
tilted and truncated; whereas tilted and truncated beds 
facing the valley and not inclosed behind an outlying fold 
are barren. The conclusion is obvious that the anticlinal 
folds exert some kind of protecting influence on the strata 
in the foothills to the west. * * * Farther south, along 
theoauluii flank of 1^ Tembkr Bange, there is a fairly 
continuous series of oil-bearing outlying folds. Back of 
these, along the flanks of the corresponding S3mclines that 
separate the anticlines from the foothills, the indications 
of oil at the surface or in wells are nimierous. * * * In 
this southern area the evidence of the protecting influence 
of the outlying folds is not quite so clear as it is farther 
north, owing to the more complicated character of the 
folds and to the fact that many of them are covered by 
Recent filling in the San Joaquin Valley. In general, 
however, the rule holds good that the outer folds are oil 



1 Anderson, Robert, and Pack, H. W., op. cit., pp. 117-118. 



bearing and that they are followed on the west by a belt 
of irregularly tilted strata likewise rich in oil. A good 
example is afforded by anticlines in the Buena Vista Hilla 
and the highly productive syncline of Midway VaUey. 
It is very doubtful whether the west flank of the syncline 
would be so productive if it faced directly upon the San 
Joaquin VaUey, without the intervening domes of the 
Elk and Buena Visto hiUs. 

The relation of these obliquely trending 
anticlines to the larger structural feature — 
the great trough that is occupied by San Joa- 
quin Valley — must not be foi^otten. It is 
believed that in the central part of this trough 
a great mass of diatomaceous shale exists, and 
that this shale has furnished much of the oil 
which is now concentrated in the folds along 
the west side of San Joaquin Valley. Indeed, 
it is this shale which lies beneath the yoimger 
Tertiary rocks in the central basin that must 
be regarded as the chief source of the petroleum, 
and therefore those folds which lie along tha 
border of the valley — chiefly those folds that 
trend out into the valley and, gradually sink- 
ing, plunge and are lost beneath the valley 
filling — have the most favorable structure for 
the accumulation of oil, for they are the traps 
located closest to the source of supply. Folds 
that lie in the higher parts of the range — such 
as those which occupy the center of the Tem- 
blor Range west of the Sunset-Midway field 
(see PL II) or as those which lie in the central 
part of the Diablo Range west of Coalinga — 
have no great feeding groimd from which to 
draw their oil, and the beds along them are in 
consequence less likely to contain great quan- 
tities of oil than the beds along the folds on 
the border of the Great Valley. This fact 
can not be too strongly emphasized, for 
although the chief oil fields lie along the anti- 
clines, it is along those anticlines which are 
located about the periphery of this great 
structiu^ trough that the really large fields 
are found. A comparison of the location of 
the producing fields along the west side of San 
Joaquin Valley with that of the anticlinal folds 
there, as indicated in figure 5 (p. 66), will show 
the force of this statement. 

The supposition that the oil now found 
along the edge of the valley originated in the 
shale in the central part of the valley means 
that the oil must have migrated laterally for 
great distances, and in order that this migra- 
tion may have taken place either the avenue 
along which the oil has passed must have been 
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BO open that the passage of the oil was easy or 
else the pressure causing the oil to move must 
have been so great that even though the path 
was difficult the oil was forced to travel it for 
great distances. 

It has frequently been urged that oil so 
heavy and so viscous as that commonly found 
in the California fields could never have moved 
into its present position through the fine- 
grained sedimentary beds in which it occurs. 
Such migration, however, does not appear to 
the writer to be at all imreasonable, for, (1) as 

TIME IN SECONDS 
20 30 40 



produced in the Sunset-Midway field has a 
fairly high temperature. None of it, of course, 
has a temperatiire as high as 200° F., for only 
rarely are temperatures of more than 115^ or 
120° recorded, but it is not unreasonable to 
suppose that the temperature of the oil when 
it moved into the position it now occupies 
may have been somewhat higher than it is at 
present, as it would have been were the oil 
sands buried somewhat more deeply than they 
are now. It would thus seem that the objec- 
tion raised that California oil is too viscous to 
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is explained in the section describing the 
featiu^s which determine the position of pro- 
ductive oil sands within the fields, it is prob- 
able that the oil has changed in character 
since it first moved into the beds it now occu- 
pies; (2) the viscosity of petroleimi varies tre- 
mendously with temperature, and moreover, 
as the variation is much greater for heavy oils 
than for light (see curves in fig. 7) oils of differ- 
ent gravity and at normal temperatures of 
widely different viscosity tend at a tempera- 
ture of approximately 200° F. to become about 
equally viscous. Much of the oil which is now 



migrate through the fine-grained rocks is not 
particularly valid, for at fairly high tempera- 
tures it would move almost as readily as light- 
gravity oil. 

The path along which the oil must have 
moved to its present point of accumulation 
has been a relatively open one, for the beds in 
which oil is foimd are fairly coarse grained. 
The most open path along which oil could 
move has probably been through the beds that 
lie at the base of the McKittrick group, close 
to the unconformity which separates that 
group from the imderlying diatomaceous shale. 
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This unconformity between the shales in which 
the oil originated and the overlying beds that 
now contain the oil is almost as important a 
geologic feature as the attitude of the beds^ so 
far as the accumulation of oil is concerned. 

As to the exact nature of the forces that have 
caused the oil to move out of the shale, mi- 
grate for great distances through the rocks, and 
accumulate in small anticlines along the border 
of the trough, little can be said. Although the 
oil has concentrated along small anticlines, the 
conception — to which the term "anticlinal 
theory" is usually applied — that the sorting 
is caused entirely by iiie difference in specific 
gravity between oil and water does not appear 
to be at all reasonable. The hydraulic hy- 
pothesis of accumulation, which states that 
" moving water under either hydraulic or capil- 
lary pressure has been the direct agent of 
accumulation," ^ seems more nearly to fit the 
observed facts in the fields along the west side 
of San Joaquin VaUey. This hypothesis does 
not, however, explain adequately the causes 
for the hydraulic pressure of the moving water. 

Recently an attempt has been made to de- 
scribe the factors responsible for this hydrauhc 
pressure, and under the designation ''dias- 
trophic theory" Marcel Daly' has described a 
possible mode of accumulation of oil. Daly's 
idea is essentially that the hydraulic pres- 
sure which has caused the migration of the oil 
is developed chiefly by the lateral pressure 
that caused the deformation of the strata in 
near-by regions. The forces of deformation, 
he believes, have transferred their effects not 
only through the solid material that makes up 
the beds but through the fluids contained in the 
pores in these beds. 

LESSER OEOLOOIO FEATXTBES OONTBOLLINO THE 
POSmON OP THE OIL WTTHIN THE FIELD. 

The factors briefly outlined in the preceding 
section were probably dominant in controlling 
the movement of oil over wide areas in San 
Joaquin VaUey, but these major factors have 
been to some extent modified and their effect 
perhaps increased, perhaps decreased, but 
certainly guided by an infinite number of lesser 
factors, which in the long run have been almost 
as important, for they have determined the 

1 Homif M. J., The anttoUnai and hydraulic theories of oU and gas 
aocomulatlon: Eoon. Geology, vol. 6. p. 523, 1909. 

s Daly, Maroel, The diastrophic theory: Am. In.<<t. Min. Eng. Bull. 115, 
pp. 1137-1157, 191ft. 



position within the field and within the geologic 
section where the oil has collected in consider- 
able quantity, the depth below the surface of 
the productive sands, and the position of the 
gusher sands, of the oil of light gravity and 
that of heavy gravity, and of water. A dis- 
cussion of these secondary features is therefore 
of more immediate importance in the present 
report, for, as they control the distribution of 
the oil within the field, a correct and scientific 
development of the field must be based upon & 
proper understanding of them. 

In the Sunset-Midway field these secondary 
features may, for the purpose of discussion, be 
grouped into three main classes — (1) those 
connected with the structure, (2) those con- 
nected with the hthology of the beds, (3) those 
connected with the character of the oil and 
with -the chemical reactions between the oil 
and various substances in the water or in the 
rocks with which the oil comes into contact. 
The effects of aU these different features are so 
intermingled that it is practically impossible 
to describe one without at the same time 
making considerable mention of nearly all the 
others, yet their importance may best be 
imderstood by focusing attention first upon 
one and then upon another of the classes out- 
lined above. 

SFFSOTB OF THB 8KALLEK STBTrOTTTBAL FBATtmsS* 

UNCONFOBMITIES. 

The aid rendered by unconformities to the 
migration of oil in affording an open highway 
to the moving fluids has already been spoken of 
in the discussion of the larger geologic features^ 
The effect of the unconformities is, however, 
felt even after concentration has to a very large 
extent been accomplished, for their presence 
gives the oil a fairly wide choice as to the sand 
in which it will finally lodge, and in many 
places a choice as to whether it will occupy 
one, two, or more sands lying one above 
another. 

To understand these relations one must ap- 
preciate the conditions under which the beds 
that now contain the oil were laid down. These 
beds — alternating sands, clays, and gravels — 
were deposited in a body of water which at first 
occupied oiily San Joaquin Valley but which 
later, gradually enlarging and gradually deepen- 
ing, encroached upon and finally submerged the 
high land that stood on the site of the Temblor 
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Range. These beds were laid down in a nearly 
horizontal position. An individual bed, ending 
at the then existing shore line, really abutted 
against the land mass, and the series of hori- 
zontal beds lying one above another, each 
upper one overlapping the next lower and 
occupying a larger area, may be compared to 
layers of sand contained in a huge bowl with 
gently sloping sides, the layers lying horizontal 
and abutting against the sides of the bowl. San 
Joaquin Valley is the bowl, the Temblor Range 
is one side of the bowl, and the flat-lying beds 
that gradually mount higher and higher until 
at last they submerge the range are the layers 
of sand that flU the bowl. 

The oil that has moved out of the diato- 
maceous shale that underlies the central part 
of San Joaquin Valley and collected along the 
plane of unconformity tends to move upward 
along this plane, or, in other words, along the 
inner surface of the bowl. This movement con- 
tinues until the oil approaches the surface — 
that is, until it approaches the outcrop of the 
oil-bearing bed. Near this point the oil, as a 
result of natural fractionation or of reactions 
with minerals contained in the water or in the 
rocks, becomes heavy or tarry and very ef- 
fectually clogs the pores of the rocks. When 
this happens the free movement of the oil 
upward along the plane of unconformity is 
retarded and finally stopped. The forces. that 
caused the oil to move out from the center of 
the valley continue active, however, and the 
oil, blocked from outlet at the surface, seeks 
an outlet through one of the more sandy and 
more porous beds that abut against the plane 
of imconformity. As all the beds that overlie 
the diatomaceous shale abut against the un- 
conformity at one place or another, the oil has 
a great number of beds from which to choose 
in picking a porous bed. Through this porous 
bed the oil moves outward, and in many places 
downward away from the plane of uncon- 
formity. 

The distance that the oil moves away from 
the unconformity is probably not more than 
a mile or so and usually much less than that, 
for the sands that have so far been penetrated 
by the drill show a diminishing quantity of oil 
with increase in the distance from the plane of 
unconformity, and, moreover, they fray out 
into a number of small thin sands. But the 
real end of the movement of oil in this direction 
seems to be reached when the oil, owing to an 



encounter with mineral waters or with some 
mineral in the rocks, changes to a tarry product 
that clogs the pores and so seals up this high- 
way, just as the outcrop was sealed up against 
further movement toward the surface. When 
this point is reached the oil, which is still being 
forced upward along the plane of unconformity, 
must seek another avenue of escape along some 
other porous bed. 

The final result of all this is the impregnation 
with oil (1) of a sand or a group of sands along 
the plane of unconformity and (2) of a number 
of other sands that start at the plane of un- 
conformity and extend out from it. When 
viewed in cross section this arrangement of the 
oil sands looks like a great branch from which 
minor branches or twigs extend out in one 
direction only, the sands along the plane of 
unconformity being the main branch and the 
sands that extend out parallel to the bedding 
of the strata being the twigs. Or perhaps the 
whole arrangement may better be compared to 
a g^eat flight of stairs. 

The position of the different oil sands that 
extend out from the plane of unconformity is 
very irregular, for the oil follows the more 
porous beds, and the lithology is extremely 
variable. In one part of the field there may 
be only a single thick sand, in another part one 
or two thin sands in addition to the thick sand, 
and in still another part two or three thin sands 
which are sharply distinct from one anoth^. 
Within a distance of several hundred feet from 
the plane of unconformity the oil, so far as can 
be determined from the drill records, is not 
restricted to fairly well defined sands but is 
scattered more or less through the entire sec- 
tion. This lack of definition in the individual 
oil sands close to the unconformity is probably 
due very largely to the fact that in that vicinity 
all the beds are more or less coarse and irregu- 
larly grained. At least there is no such sharp 
difference between impervious clay and even- 
grained sand as there is in the beds farther 
removed from the unconformity. As all the 
beds in the area close to the imconformity 
have much the same degree of porosity, all 
are more or less equally filled with oil. 

The arrangement of the oil sands described 
above will be better understood by reference to 
the diagrammatic section given in figures 8 and 
13, or to the map that shows the conditions in 
Maricopa Flat (PI. XLIII). The mode of oc- 
currence of oil in this field can not be understood 
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sand and in part to the difference in the atten- 
tion paid to the sand by the different operators. 
Some of the operators, considering that even a 
small amount of oil in the sand is worthy of 
attention, attempt to recover it, whereas other 
operators drill through this sand without pay- 
ing the least attention to it and get their oil from 
some deeper sand. It is this zone in which 
a sand becomes lean or barren and in which the 
handling of the wells is so diverse that the 
writer has called the 'transition" zone or belt. 
The handling of the wells in such a zone is of 
great importance, for unless a uniform method 
is adopted, water is certain to be let into the 
sands that contain oil and to ruin more or less 
completely the rich oil sands that lie a consid- 
erable distance away. 

SPCONDARY ANTICLINES AND STNCLINBS. 

Although the anticlines that extend out 
from the main range are of very great impor- 
tance in the concentration of the oil inasmuch 
as they mark the points at which the oil tends 
finally to lodge, the secondary anticlines that 
make up most of these obliquely trending folds 
appear to have exerted very little individual 
iofiuence on the concentration of the oil. 



It might be supposed that these small folds, as 
for example the small sharp anticlines on the 
south flank of the Elk Hills or the individual 
anticlines in the central part of the Buena 
Vista HiUs, would be the most favorable 
points in the whole region for oil to collect. 
But the beds beneath the small folds in the 
Elk Hills are barren, and those that lie directlv 
beneath the axes of the small anticlines in the 
Buena Vista Hills appear to be no richer in 
oil than those that lie beneath the axes of the 
small synclines in the same part of the hills. 

The failure of these anticlines to affect the 
concentration of the oil is to be explained by 
the fact that they are really no more than 
surface wrinkles and do not as a rule appear 
as individual flexures in the oil sands. In con- 
sidering the oil prospects of the outlying hills, 
therefore, it is necessary to deal with the folded 
belt or zone and not with the individual folds 
that make up this zone, the structurally 
highest part of the zone being regarded as 
the most favorable for the concentration of 
oil, and the anticlines that lie low on the 
flanks of the upward-folded zone being re- 
garded as imf avorable, even though these folds 
are sharp and distinct at the surface. The 
difference between the structure of the surface 
beds and that of the beds that lie several him- 
dred feet beneath the surface is well shown in 
Plates II and III. The failure to appreciate 
the fact that these folds are. shallow has led to 
the drilling of a very considerable number of 
wells along the axes of sharp anticlines that 
stand almost at the edge of the folded zone — 
such folds, for example, as the small ones on 
the south slope of the Elk Hills. Such loca- 
tions, although not entirely hopeless, can not 
by any means be said to be attractive, for it is 
the center of the whole anticlinal belt, which 
in the case cited embraces the whole of the Elk 
Hills, that is the most promising part. 

The lack of importance attaching to the 
individual anticlines in the anticlinal zone or 
belt that embraces the Buena Vista Hills is ex- 
cellently shown by the wells on the McNee lease 
of the Standard Oil Co., in sec. 36, T. 31 S., R. 
23 E, On this lease are several of the largest 
wells in the whole Sunset-Midway field. The 
lease, which covers a square mile, lies almost in 
the center of the anticlinal belt of the Buena 
Vista Hills and is crossed ty several small anti- 
clines and synclines. It so happens that sev- 
eral of the largest wells are located along the 
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axes of the synclines, not along the anticlines; 
and, conversely, several of the smallest wells on 
the whole lease are precisely on the axes of the 
small anticlines. The contour map (PI. Ill) 
shows how greatly the small folds are flat- 
tened at the horizon of the oil sands, and thus 
why it is that they have had so little individual 
effect on the concentration of the oil. 

In the section describing the effect of the un- 
conformities (pp. 75-77) the atairlike arrange- 
ment of the oil sands in the western part of the 
field is discussed and the fact is pointed out 
that the oU has entered the sands it now occu- 
pies by moving chiefly first through the porous 
sands that he along the plane of unconformity 
and then eastward parallel to the bedding 
through sands that abut against that plane. 
The entire movement of the oil has not, how- 
ever, occurred in this manner, but in places as, 
for example, along the anticlinal belts' of the 
Buena Vista and Elk hills the oil has quite evi- 
dently been able to move vertically upward 
through the strata. Along these belts the oil 
is now found in a number of sands through a 
stratigrapbic thickness of 600 feet or more. 
Many of the sands that contain oil along these 
anticlinal belts do not contain oil in the syn- 
clinal basin that separates the belts from the 
main range on the west, and it appears very 
improbable that the oil could have moved east- 
ward from the plane of unconformity clear 
across the intervening syncUne to find a resting 
place in the higher parts of the outlying anti- 
cline without leaving some considerable trace 
in the beds in the syncline. There is also other 
evidence, such as the presence of the shallow tar 
zone m the vicinity of sec. 25, T. 31 S., R. 22 E., 
which shows that the hydrocarbons are able to 
move vertically through the strata. This evi- 
dence is discussed on page SS. It is impor- 
tant here to note that the vertical movement is 
most marked and perhaps is of practical impor- 
tance only in the belts where the beds are folded 
strongly upward. The relation of the oil sands 
in the outlying anticlinal belts of the Buena 
Vista and Elk hills to those along the edge of 
the main Temblor Range is shown in the cross 
section in figure 8. 

zrPBCTS or utholooy. 

The lithology of the beds which overlie the 
diatomaceous ehale ^d which now contain the 
oil in the Sunsets-Midway field is, for several 
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reasons, important in a consideration of the 
occurrence of oil. The porosity of the beds 
must be great enough to permit them to absorb 
a very considerable quantity of fluid; the open 
spaces in the rock — that is, the "voids" — ^must 
be of sufficient size to permit these fluids to 
move fairly freely through the rock; and 
finally the porosity of the different beds must 
be different, for otherwise there would be no 
particular tendency for the oil to concentrate 
in certain beds, but rather would it tend to 
disseminate through all the beds. 

In the Sunset-Midway field the lithology of 
the beds overlying the shale is diverse to the 
extreme, the beds ranging from coarse con- 
glomerate through almost every conceivable 
mixture of grain to the finest, most compact, 
and most impervious clay shale. This varia- 
tion is not only vertical from bed to bed but 
also horizontal within a given bed. These beds, 
therefore, contain many admirable reservoirs 
in which the oil may collect, for many of the 
porous lenses are almost completely surroimded 
by the most impervious clay. The very lenticu- 
larity of the beds is, however, somewhat of 
a detriment, for the productive oil sands are 
not continuous, and the field is in consequence 
somewhat "spotted." The practically barren 
belt along the northeastern slope of Twenty-five 
Hill is an example of the control that the 
Uthology exercises over the concentration of 
petroleimi, for, as is explained in the detailed 
description of this area, the lack of oil here is 
due to the fact that there are in this area no 
suitable porous sands in which the oil might 
collect, and the oil has therefore collected in 
the immediately adjacent areas, where such 
sands are plentiful. 

It may not be out of place here to point out 
that the porosity of a bed- is, theoretically, in 
no way dependent on the size of the grain but 
rather upon the shape of the individual grains, 
the arrangement of the grains, and their regu- 
larity in size. Theoretically the porosity of a 
bed composed of spherical grains all of one 
diameter is equal to that of any other bed 
composed also of spherical grains of some 
uniform size, provided only that the grains are 
arranged in a similar manner in the two beds. 
It matters not at all whether the grains of one 
bed are large and those of the other small — a 
foot in diameter in one and a fraction of an 
inch in the other — if the grains are arranged in 



a similar manner in the two beds, and if the 
grains of one bed are all of one size and those 
of the other bed all of the other size, then the 
porosity of the two beds is the same. 

The shape of the individual grains exerts a 
great influence over the porosity of the bed, 
for if the grains, are of such shape that they 
may be fitted tightly together — as, for example, 
is the case with particles having large flat 
sides — the porosity may be very greatly de- 
creased. Uniformity in the size of the grains 
is equally important, for if the bed contains 
a mixture of large and small grains the small 
ones will fit into the "voids" between the 
larger grains and thus reduce the porosity. ' 

The size of the grain in incoherent sands 
such as those that are found in the Sunset- 
Midway field does not necessarily indicate the 
porosity of the bed, but it is a fair measure of 
the size of the "voids," for although beds that 
contain coarse fragments may have the size 
of the "voids" decreased by the addition of 
smaller fragments, the "voids" would hardly 
be larger than the grains if the bed is reasonably 
compacted. Therefore, other things being 
equal, the coarser-grained beds are the ones 
that offer the more attractive reservoirs in 
which the oil, particularly viscous oil, may 
collect. Porosity and coarseness of grain 
should not be regarded as synonymous terms, 
however, for they are not. Many very fine 
grained sands are much more porous than 
coarse-grained sands near by, and these fine 
sands offer by far the more attractive reservoir 
for light oils. 

The reader interested in the factors that 
control the porosity of mixtures of sand will 
find excellent discussions of them in the 
writings of King * and Slichter.' 

In the course of his work the writer liad the 
opportunity to study the lithology not only 
of the outcrops of the oil-bearing beds but also 
of the oil sands penetrated by the producing 
wells, more than 400 samples from different 
parts of the field being obtained. This study 
showed clearly the following facts: (1) The 
beds close to the unconformity that marks the 
top of the diatomaceous shale are usually 

1 King, F. H., Prindplefl and conditlonfl of the moyements of ground 
water: U. S. Oeol. Survey Nineteenth Ann. Rept., pt. 2, pp. 60-204, 
1899. 

> SUchter, 0. S., Theoretical investigation of the motion of ground 
waters: Idem, pp. 295-384. See also U. 8. Oeol. Survey Water-Supply 
Papers 67, 110, 140, 141, 153, 184. 
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coarser grained than those that lie at a little 
distance from the shale, and not only do these 
beds contain coarser fragments but they are 
more miifonnly coarse graiQed. (2) At a 
little distance from the unconformity the oil 
sands are not the beds that contain the coarser 
fragments but rather the fine-grained beds that 
are composed of fairly well rounded grains of 
uniform size. (3) In many parts of the field 
the oil sands are remarkably fine grained, many 
of the sands having more than 80 per cent of 
their grains smaller than 200 mesh. 

The fact that the beds lying dose to the 
unconformity are coarser grained than those 
that lie at a little distance from it is quite 
what is to be expected, for these beds were laid 
down close to the hills from which the detritus 
was derived, and, as is usual, the coarse frag- 
ments were deposited near the edge of the 
basin of deposition while the smaller and 
lighter ones were carried farther out toward the 
center of the basin. Clays that are very com- 
pact and in consequence very impervious occur 
near the unconformity, but they are not so 
co^^non there as in the center of the valley. 
All the beds near the imconformity are there- 
fore fairly coarse and also fairly porous, and 
any oil that works its way into these beds 
finds them all about equally attractive as 
reservoirs and so impregnates them all about 
equally. Thus there is formed in the beds 
that lie immediately above the plane of uncon- 
formity a thick succession of oil sands. More- 
over, these beds, being fairly porous and also 
fairly coarse grained, are able to contain fairly 
thick and viscous oil such as that which is 
found in the western part of the field close to 
the outcrop of the oil sands. The character 
of the oil in this part of the field is of course due 
chiefly to the relation the sand bears to the 
surface and to surface waters, but it is very 
probable that if these beds were not coarse 
grained the oil would not be so heavy as it is, 
or at any rate that the thickness of the beds 
that contain the heavy oil would be very much 
less. 

The fineness of the oil sands that lie at a 
little distance from the plane of unconformity 
is very striking, but even more striking is the 
fact that these sands are in many places imder- 
lain or overlain by beds that contain very much 
coarser grains than the oil-bearing sand itself. 
The selection of the finer-grained sand by the 
oil is of course due to the relatively greater 



porosity of that sand, but to understand why 
the finer sand is the more porous it is necessary 
to consider once more the conditions that 
governed the deposition of these beds. 

The beds that now contain the oil are 
composed of detritus brought down into the 
San Joaquin Valley from high land that lay 
where the Temblor Range and the San Emigdio 
Moimtains now stand. In all probabiUty 
most of the debris came from the west — that is, 
from the area now occupied by the Temblor 
Range. The hills that made up this area of 
high land were composed of diatomaceous shale 
in which there were some beds of sand and 
coarse boulders, consisting almost wholly of 
fragments of granitic rocks. In other words, 
the range was then composed, much as it is 
to-day, of diatomaceous shale with lenses of 
coarse material. The coarse beds were so 
lenticular that quite naturally the detritus 
derived from the hills varied from place to 
place, here being almost entirely fragments 
of shale, here entirely fragments of granitic 
rocks, and here a mixture of the two. More- 
over, the character of the material brought 
into the basin at a given spot varied from time 
to time, for as a lens of conglomerate became 
worn away the detritus obtained changed from 
fragments of granite to fragments of shale. 
There is thus a very great variation in the 
lithology of the beds, both vertically and 
horizontally. 

The coarse debris that was derived from the 
lenticular masses in the diatomaceous shale 
was so heavy that most of it was dropped fairly 
close to the edge of the basin of deposition and 
thus forms part of the succession* of coarse 
beds near the imconformity at the top of the 
shale, but the finer particles were carried 
farther out and now form the fine-graiaed sands 
that are foimd in the central part of the 
valley. On the other hand, the diatomaceous 
shale in weathering tends to break up into 
needle-like splinters, into flattish particles of 
fair size, and into a fine dust or mud. The 
larger fragments of shale are on the whole of 
considerably greater size then the rounded 
grains of granitic material that were carried 
out into the valley, but nevertheless becaiise 
of their light specific gravity the shale particles 
were carried well out into the valley. It is 
very common, therefore, to find that the beds 
in the central part of the valley that contain 
the coarser fragments are composed of a very 
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compact clay shale — ^the dust or mud derived 
from the ^atomaceous shale — ^in which there 
are set a greater or less number of flattish 
shale fragments of fair size. It is evident that 
a bed composed of such detritus from the 
diatomaceous shale can not be as porous as a 
bed composed of well-rounded particles of 
approximately the same size, and thus it is 
that the fine granitic sands in the central part 
of the valley are the beds that now contain the 
oil even though they are in places exceedingly 
fine grained. 

The control that lithology exercises over the 
porosity of the bed and therefore over the 
distribution of the oil is excellently shown in 
the vicinity of the northeast comer of sec. 25, 
T. 31 S.y R. 22 E.y a short distance north of 
Fellows. This area has proved to be one of the 
most spotted in the whole field, for here wells 
that flowed at the rate of many thousand 
barrels daily are situated among wells that 
produce so little oil that it hardly pays to 
pump them. Moreover, the large and the 
small wells obtain oil from the same sands. 
An examination of samples of the oil sand from 
the wells in this area showed quite clearly that 
the variation in the productiveness of the wells 
was due to the variation in the lithology of 
the beds, for without exception in the samples 
at the writer's disposal the sands from the 
flowing wells were made of well-rounded grains 
of granitic material — small grains, perhaps, 
but free from clay or detritus from the diato- 
maceous shale — ^whereas the sands from the 
wells that produced only a little oil were all 
very ''muddy." The most productive sand 
in this area was of very fine grain but also of 
remarkably even grain, and, as the grains were 
about equally light and dark, it looked much 
like a mixture of finely groimd pepper and salt. 

In considering the possibilities of unde- 
veloped portions of the field a great deal of 
attention has frequently been given to the 
size of the grains making up the bed, and certain 
areas, as, for example, the Elk Hills, have been 
condemned, for it was believed by many geolo- 
gists that the sands there were too fine grained 
to permit them to act as reservoirs. It is re- 
markable, however, just how fine grained some 
of the producing oil sands really are, and the 
writer believes that no portion of the whole 
Sunset-Midway field lack^ beds porous enough 
to make satisfactory reservoirs for the oil. 

109288*'— 19 6 



Small areas, as, for example, the northeastern 
slope of Twenty-five Hill, lack porous beds, or 
at least the beds in these areas are much less 
porous than those in the immediately adjacent 
areas, but no large area seems to be without 
adequately porous beds. A large proportion 
of the oil sands that the writer examined were 
very fine grained, 50 to 80 per cent of many of 
the samples passing through a 100-mesh screen 
and some of the samples containing an equally 
large amount of material that passed through 
a 200-mesh screen. In these sands there was 
very little indeed that would not pass through a 
eo-mesh screen. These sands are in reality 
little more than the finest sort of dust, yet it is 
just suoh fine dust that seems to oontain the oil 
in the parts of the field where the producing oil 
sands do not lie immediately adjacent to the 
unconformity that marks the top of the diato- 
maceous shale. 

The writer believes that in this region any 
isolated anticline in which the formations above 
the diatomaceous shales are present is to be 
regarded as a possible reservoir of oil, provided, 
of course, that the beds in which the oil would 
normally occur — that is, those closely overly- 
ing the diatomaceous shale — are within reach 
of the drill. By an isolated anticline is meant 
one that is separated from other structurally 
high areas by structurally low areas, or syn- 
clines. 

Those who have condemned parts of the 
field because of the lack of coarse-grained 
sands forget that (1) coarseness of grain is not 
necessarily an indication of porosity, but that 
fine-grained beds may be very porous; (2) the 
thick tarry oil f oimd in the western part of the 
Sunset-Midway field is not characteristic of the 
field as a whole, and the normal oil is fairly 
fluid and oan readily ocoupy very small pore 
spaoes; (3) it is vastly more important, so far 
as the concentration of oil is concerned, to have 
beds of different porosity than to have coarse- 
grained beds, for unless there is a distinct 
difference in the porosity there can be no con- 
centration of the oil in certain beds and thus no 
formation of commercially valuable "pools.'* 

An especially instructive example of the 
character of the oil sands was seen in the hills 
west of the producing field at Maricopa. Here 
there is exposed in the sides of a deep gulch an 
oil sand that forms part of the zone from which 
the wells in the field to the east obtain their oil. 
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This sandy whioh is 1 or 2 feet thick, is under- 
lain by a conglomerate composed of fragments 
of diatomaceons shale embedded in a sticky 
day that is also composed of detritus derived 
from the shale. This conglomerate, despite its 
coarse grain, is practically impervious and con- 
tains no trace of oil. The oil sand is overlain 
by a grit in which the grains«u-e on the average 
2 or 3 millimeters in diameter, but the grit, too, 
is practically impervious, for it is tightly 
cemented, nearly all the pore space being filled 
with a calcareous cement, and it also contains 
no trace of oil. The oil sand itself is exceed- 
ingly fine grained, more than 90 per cent pass- 
ing a 200-medh screen and all of it passing an 
80-mesh. One could hardly imagine a finer- 
grained sand, yet this sand is filled with oil. 

Upon the lithology of the bed depends to 
some extent the character as well as the 
quantity of the oil, for the gravity of the oil 
varies with the grain of the bed in which it 
occurs, the lightest oil being f oimd in the fine- 
grained beds and the heaviest in the coarse 
conglomerates. As described in Part II of this 
report the character of the oil depends largely 
upon its distance below the surface or from 
mineralized water; yet there is a very distinct 
difference between the oik in the shaly beds 
and those in the coarser sands, where other 
conditions are apparently the same. This 
difference, however, is natural, for the thick 
tarry oils are too viscous to move freely through 
the finer sands. Nor is it likely that the 
character of all the oil in a pool would be 
changed by the reaction with mineral waters, 
for such reacticMi would probably result in the 
alteration of the oil only along the very outer 
edge of the pool, because to change the oil 
throughout the pool there would of necessity 
be some considerable movement of the heavy 
oil — the result of the reaction — through the 
fine pore space. Moreover, as there is less 
opportunity for the oil to move freely through 
the very fine grained beds, so there is less 
opportunity for it to fractionate and for the 
lighter portions to leave. 

The difference in the charactei: of the oils 
in the coarser sands and in the very fine clays is 
readily recognizable, and the term ''shale oil'' 
is in common use among the operators to 
describe the oil obtained from the clays or 
shales. These beds are truly clays or shales, 
for, as is shown in the preceding pages, many 
of the most productive sands are exceedingly 



fine grained, a large proportion of the particles 
composing them being small enough to pass 
through a 200-mesh screen. The beds yielding 
the ''shale oil'' are stiU finer grained. Very 
frequently the shales when first drilled mto 
yield a large amount of oil daily, and, more- 
over, the oil is under a very heavy pressure. 
Usually, however, the pressure decreases 
rapidly, and soon the well must be pumped or 
perhaps refuses to yield more than a mere 
dribble of oil. The rapid decline in the produc- 
tion of the wells that obtain oil in such fine 
shaly beds means of course that the oil con 
not move through the fine beds freely enough 
to permit the rate of production to be main- 
tained, but the original pressure is of interest, 
for this pressure is apparently more or less 
localized and seems to have been built up from 
within the pool, not from without. In another 
section of this report the writer has advanced 
the idea that the pressure is caused by reaction 
within the pool after the oil has been more or 
less completely sealed up by the tarry oil 
formed about the edge of the pool as a result 
of other reactions, and it is of interest here to 
note that the pressure is more localized and 
exceptionally high in the finer-grained beds, for 
these beds are more readily sealed up by such 
tarrification of the oil. 

SnXCT OF THE CBBXIOAL ASD PHTBIOAL OKA&AOTER 

OF THB OIL. 

Besides such physical factors as the lithology, 
position, and attitude of the beds containing 
the oil, there are other factors that exercise a 
control over the concentration of the oil. 
Among the most important of these other 
factors are the chemical character and the 
relative chemical instability of the oil, which 
cause it to react with mineral substances in the 
strata or in the mineralized water contained in 
the strata to form various heavy compounds 
that serve to seal the outcrops and to make 
closed pockets in which the unaltered and 
lighter oil may collect and remain. 

The factors causing the alteration of the 
oil are outlined on page 87 and are dis- 
cussed somewhat fully by Mr. Rogers in 
Part II of this report (Professional Paper 
117). The mechanical effects upon the con- 
centration of the oil of this chemical change 
in the oil are discussed in the section dealing 
with the importance of the unconformities as 
agencies aiding concentration (pp. 76-77) . The 
subject is merely mentioned here, simply to 
emphasize the fact that the chemical character 
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of the oil has quite as great an influence in 
controlling concentration as the physical fea- 
tures of the beds in which the oil is contained. 
It is therefore not necessary to do more here 
than to point- out the fact that were it not for 
this tendency of the oil to oxidize readily 
and so to dog the outcropping beds and thus 
prevent the remainder of the oil from escaping, 
there would probably now be very Uttle if any 
oil in the part of the Sunse1>-Midway field 
lying west of the axis of the Midway syncline, 
but all the oil that had not escaped at the 
siuiace would probably be that which is con- 
tained in such structural traps as the anticlines 
in the Buena Vista and Elk hills, where the oil 
sands are completely buried. 

In other fields, where the oil is not of an 
asphalt but of a paraffin base, and where no 
such heavy tar is formed either at the siu-face 
or at depth close to mineralized waters, the 
concentration of the oil is governed more com- 
pletely by the lithology, the attitude, and the 
position of the strata, and it is only in the 
upper parts of the anticUnes or in the porous 
lenses in the strata that the oil is concentrated 
and retained. In relatively steeply tilted out- 
cropping beds such as those along the west 
side of the Midway syndine light, mobile oils 
that do not oxidize readily would soon escape 
at the surface, leaving almost no evidence that 
they had formerly been present in the beds in 
considerable amount. 

The influence of the character of the hydro- 
carbons upon the concentration and retention 
of the oil is shown also in the relative position 
of the oil and gas. Throughout the field the 
dry gas Hes above the oil, and in the Buena 
Vista HiUs the beds containing the dry gas 
are distinct from and Ue several hundred feet 
above those containing the oil. The position 
of this dry gas so far above the oil is due, of 
course, to the greater mobiUty of the gas and 
to the ability it possesses to move in a general 
vertical direction through the strata that are 
impervious to the thicker oil. But besides 
th^ dry gas, there is a very considerable 
quantity of wet ^as in the same strata with the 
oil. This wet gas is contained in a given 
stratum more or less throughout a large area, 
but it is most abundant in the higher parts of 
the anticlines. AU the small folds in the 
Buena Vista Hills are more or less undulatory, 
and it is in the upper parts of these folds — or 
one might say in the domes — that most of the 



gas is contained, whereas the stratum that 
contains gas in the domes contains oil where 
it is downfolded in the saddles of the anti- 
clines. 

The most striking example that the writer 
has noted of this segregation of oil and gas in 
the same stratum, according to its position 
with relation to the structure, is that shown in 
the south-central part of the Buena Vista Hills, 
for the oil sands that compose the upper part 
of the oil zone in the McNee lease, in sec. 36, 
T. 31 S., R. 23 E., contain gas in the area farther 
south, and it is from these sands that many of 
the deeper gas wells of the Honolulu Consoli- 
dated Oil Co. derived their gas in 1916. 

The segregation of the oil and gas within the 
same stratum is evidently due in part to the 
greater mobihty of the gas but chiefly to the 
difference in specific gravity of the two fluids. 
The result is therefore in a way an example of 
concentration according to the anticlinal theory 
by which oil, gas, and water are presumed to 
concentrate in the anticlinal folds ^nd to ar- 
range themselves in more or less definite layers 
according to their specific gravities, the lightest 
fluid (gas) above, the heaviest (water) below, 
and the fluid of intermediate gravity (oil) in 
the middle. 

Although in the example cited the oil and 
gas are evidently arranged more or less ac- 
cording to their specific gravities, the writer 
beheyes that the arrangement is not a primary 
one, but only a secondary readjustment after 
the fluids as a whole have collected along the 
axis of the anticline. In other words, the 
difference in the gravity of the two hydrocar- 
bons or of the hydrocarbons and water has 
not been the factor that caused the hydro- 
carbons to accumulate and to remain where 
they are now found, but once they had col- 
lected there, the difference in their specific 
gravities caused a readjustment whereby the 
different fluids came finally to occupy more or 
less definite layers. 

FBBSSUBE TJNDSB WHICH OIL EXISTS IK THE 

POOLS. 

In practically every part of the field the oil 
is tmder a pressure considerably greater than 
atmospheric pressure, and in consequence many 
or perhaps most of the wells flow when first 
brought in. The pressure varies greatly, but 
in many of the wells it was, during the early 
life of the wells, 1,000 pounds to the square 
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inch (66 atmospheres) or more, and in one 
well it has been reported as 2,000 pounds to the 
square inch (133 atmospheres). As a whole 
the pressure, particularly in the Buena Vista 
Hills, was considerably greater than hydro- 
static pressure — that is. it was greater than the 
pressure exerted by a column of water equal 
in height to the distance the particular sand 
was buried beneath the surface. 

The cause of this pressure has been the sub- 
ject of a great deal of speculation, and many 
ideas have been advanced to explain it, for any 
theory that really seeks to explain the mode of 
accumulation of oil in the earth must explain, di- 
rectly or indirectly, the pressure under which 
the oil is now found. Practically all the theo- 
ries of oil accumulation explain this pressure as 
the result of the forces that have caused the con- 
centration of the oil, regarding it as the resist- 
ance built up in the pool at the time of concen- 
tration to the forces that were causing the oil 
to collect, and, as the oil is now at rest, regard- 
ing this r^istance as being able to offset these 
forces and therefore equal in amoimt and acting 
in the opposite direction to them. 

For example, the anticlinal theory, which 
relies upon the difference in the specific gravity 
between the hydrocarbons and water to supply 
the force that causes the petroleum to move 
and to collect, explains the pressure now exist- 
ing in the pool as purely and simply hydrostatic 
pressure. The hydraulic theory dodges the 
question and explains only the segregation of 
oil and water and gas, given the initial copdi- 
tion of moving fluids. The diastrophic theory 
recently advanced by Marcel Daly^ definitely 
states that the pressure now existing in the pool 
has been built up in resistance to the forces that 
caused the initial movement and collection of 
the oil, these forces being the same that have 
caused earth movements or diastrophism in 
some area in the vicinity, though not necessarily 
immediately adjacent to the area in which the 
oil has collected. 

The central idea about which all these 
"theories" are grouped — that the pressure now 
existing in the oil fields is intimately related to 
the forces that have caused the concentration of 
the oil, or, as some of the more definite and posi- 
tive of the "theories" state, is quantitatively 
equal to the pressure that caused the fluids to 



1 Dalv, M. R., The diAstrophio theory, a oontrfbution to the study of 
tho mechanics of oil and gas accumulation in commercial depoaitA: Am. 
Inst. Min. Eng. BuU. 115, pp. 1137-1157, July, 1916. 



migrate, or more correctly to the pressure devel- 
oped by the forces causing migration — seems 
to the writer to bo entirely unjustified. To 
assume that it is true only makes the interpre- 
tation of other phenomena connected with the 
oil more difficult. 

For example, why is it, if the pressure is the 
resistance built up to the forces that caused the 
migration of the oil, that the oil is not forced 
back over the path it once traveled as soon as 
the forces that caused the original migration are 
no longer active ? How is it that the oil remains 
concentrated and still . under this pressure 
which caused it to concentrate — a pressure the 
writer is tempted to call "fossil pressure," as 
it is so clearly a relic of the past and of an earlier 
and very different condition of things. 

In other fields — as, for example, those of 
northern Louisiana — ^wherethe pressure in the 
oil sands bears a more or less constant relation 
to the depth that the oil sahds lie beneath the 
surface, the pressure may reasonably be termed 
hydrostatic, for it is roughly the same as that 
of a column of water that is equal in height to 
the depth that the oil sand is buried. But in 
parts of the Sunset-Midway field, where no such 
relation exists and the pressure in the oil sands 
is characteristically greater than hydrostatic, 
some other explanation must be looked for. 

To the writer it appears evident that (1) the 
pressure imder which the oil is now held is very 
largely independent of the forces that caused the 
original concentration of the oil; (2) the pres- 
3iu:e was probably built up very largely within 
the pool after the oil had been collected. 

A possible and to the writer the most probable 
explanation of the way in which the pressure 
under which the oil is held was built up is that 
the oil| after having been collected in a certain 
area in a more or less definite pool, is held 
under a pressure which may be very moderate 
indeed and which has been built up in oppo- 
sition to the forces that caused the oil to 
migrate originally and to collect where it has. 
After the concentration has been effected, the 
oil reacts more or less with the mineral sub- 
stances with which it comes into contact— 
those making up the rocks or those in the 
water. The extent to which such reactions 
take place and the nature of the products 
formed is at present very largely a matter of 
conjecture, for very liHle is known as to the 
exact chemical make-up of the petroleum as 
it exists in the ground, of the exact chemical 
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changes that it undergoes, or of the products 
formed by such changes. There is, however, 
abundant evidence that one of the products of 
the reaction between the petroleum and the 
mineral substances in the waters that occur in 
the Sunset-Midway field is a thick, heavy oil or 
tar. Now it so happens that in nearly every 
oil pool the oil is normally in contact with 
water at the edges of the pool, for usually 
water occurs in the oil sand down the dip 
from the area in which the oil occurs. At the 
point wh^e the oil and the water are in con- 
tact, therefore, a tar plug is formed that stops 
up the porous reservoir sand, preventing the 
further encroachment of the water and inci- 
dentally preventing the oil from moving out of 
the reservoir. After this plug has been formed 
the oil is held in a tight reservoir bounded 
above and below by the impervious beds that 
overlie and underlie the porous sand and on 
the sides by the tarry plug that fills the pores 
of the sand. 

Once the tight reservoir has been formed 
any reaction that results in the formation of 
li^t or gaseous hydrocarbons will cause an 
increase in the pressure under which- the oil is 
held, for the pressure can not be relieved by a 
simple pressing back of the oil and water over 
the patii that they have traveled in effecting 
the original concentration. As to the possible 
reactions that might cause the formation of 
gaseous hydrocarbons the writer can offer no 
suggestion, but he is convinced that such reac- 
tions are not at all improbable, and when one 
considers the imstable nature of the hydro- 
carbons that compose the petroleums and the 
ease with which just such changes can be 
effected in the laboratory, they seem quite to 
be expected. 

There is no question that a thick tar is 
characteristically formed where oil and min- 
eralized waters of certain types are in contact. 
This has been shown time and again to be true 
by wells drilled in pretty nearly every part of 
the field. Invariably where tar has been 
f oimd at depth it has been found either in beds 
that immediately overlie water-bearing beds 
or, if in the main oil sand, at the outer edge 
of the pool and wells drilled still farther out 
have encountered only water in the sand. As 
the tar or tarry oil is remarkably viscous it is 
equally evident that only a small quantity of it 
would be necessary to seal a porous sand com- 
pletely and make of that sand a very perfect 



and tightly closed reservoir. Just what changes 
take place in the oil that is inclosed in the 
reservoir is a problem that is well worth 
detailed study — a study that must invohe a 
great deal of careful chemical work. At 
present far too little is known as to the true 
nature of the oil or of the possible reactions 
that might take place to venture any definite 
statements, for very little work has been done 
on the chemistry of petroleum that will throw 
light on the subject. 

As has been pointed out above, there is no 
definite relation between the pressure and the 
depth that the sand lies beneath the surface. 
The pressitte is greater in the parts of the 
field where the sands lie deeper, it is true, but 
the increase in the pressure is not proportionate 
to the increase in depth. Rather it appears 
that the pressure bears some sort of relation to 
structure, for it is far greater in the Buena 
Vista Hills, where the beds are strongly up- 
folded, than in the central part of the Midway 
Valley, where the oil sands are even more 
deeply buried than they are in the Buena 
Vista Hills but where they are downfolded 
into a syncline. 

It is quite apparent that variation in the 
hydrostatic pressure can not have been the 
cause of this variation in the pressure in the 
oil sand in the two areas of opposite structure,, 
nor is it reasonable to think that if the pres- 
sure in the oil sands is a reflection of the 
pressure that caused the accumulation of 
the oil, the pressure would vary so greatly hk 
areas so close together. The writer believee 
that this variation is due to the fact that along 
the anticlines there is greater opportunity for 
the formation of more perfectly sealed reser- 
voirs than there is along the syndlnes, for, 
as will be seen from an inspection of figure 
13 (p. 115), on account of the unconformity 
between the diatomaceous shale and the 
overlying sands, the oil has opportimity to 
work its way into a very considerable number 
of sands before it is finally sealed completely 
in all of them. This movement of the oil is 
explained more completely in the section that 
deals with the effect of the unconformity on 
the accumulation of the oil (pp, 75-77). The 
oil is pretty thoroughly sealed in by the forma- 
tion of tar in the oil sand on both flanks of 
the anticlines, and the oil is thus prevented 
from working its way into other beds when 
the pressure in the original reservoir becomes 
fairly great. 
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KZPLANATION OF THX "QX7SHXB SANDS." 

The theory has been advanced that the 
reason for the exceptional richness of the oil 
sand in certain spots in the field is that at 
these spots the oil sand in the moderately 
tilted beds of the McKittrick group rests 
directly upon the truncated edge of an oil 
sand in the steeply tilted diatomaceous shale 
formation. The well therefore supposedly 
has a much greater reservoir from which to 
draw and in consequence yields much more oil. 

This theory has been a very popular one, 
but it appears to the writer to be entirely 
untenable, for (1) it necessitates the suppo- 
sition that peculiar and really very unusual 
conditions exist in innumerable places in the 
field; (2) in many places the large '"gushers" 
are not so deep as the neighboring wells and 
get their oil either from "stray" sands that lie 
above the main productive zone found in 
surrounding wells or in the very uppermost 
part of the zone. A few of the large wells 
that derive their oil from relatively shallow 
sands are Associated (Pioneer Midway) well 
No, 2, in sec. 30, T. 31 S., R. 23 E.; Kern 
Tradmg & Oil well 39, in sec. 1. T. 32 S., 
S. 23 E.; American Oilfields well 79, in sec. 
36, T. 31 S., R. 22 E. ; and Honolulu (Hawaiian) 
well 10, in sec. 31, T. 31 S., R. 23 E. All the 
big flowing wells in sec. 32, T. 31 S., R. 23 E., 
got their oil from beds that lie above the 
deep sand encountered in Alaska Pioneer well 
9 and G. P. well 6 (Fellows 32), and even the 
two last-named wells derived their oil from 
beds in the lower part of the McKittrick. 

It seems much more probable that the true 
explanation for these exceptionally rich parts 
of the sfind is either that where they occur 
the sealing up of the reservoir has been more 
complete, or that the formation of the light 
hydrocarbons in the petroleimx trapped in 
the reservoir has been more extensive; or 
perhaps both factors have been operative. 
This explanation is in a measure supported 
by the fact that a large number of the big 
flowing wells yield oil of slightly lighter gravity 
than the wells immediately surrounding them. 

CHARACTEB OF THE OIL. 

The oil ranges in gravity from less than 11® 
to 32** Baum6 (0.9929 to 0.8641 specific gravity). 
The average gravity of the oils from sands near 
the outcrop is between 14° and 18*^ Baumfi 
(0.9722 and 0.9459 specific gravity), and that 



of the oil from sands in the Buena Vista Hills 
and other parts of the field where the oil sands 
lie deep is 21® to 28® Baum6 (0.9271 to 0.8860 
specific gravity). 

As to the chemical character of the oil very 
httle can be said other than that it is asphaltic, 
for the published work on the true nature of the 
oil is very meager indeed. Almost the only 
work the results of which have been published 
that has been done in determining the exact 
nature of the hydrocarbons that compose the 
oil is that of Peckham and Mabery, and their 
work was done with so few and so scattered 
samples that it will hardly serve as a basis for 
any very definite conclusions. Moreover, none 
of the samples that they examined came from 
the sands in the deeper parts of the Sunset- 
Midway field, where the oil is probably much 
more nearly in what might be termed its origi- 
nal state tJian it is in the sands near the out- 
crop — that is, in the sands from which the 
samples that were analyzed came. The results 
of analyses and other chemical studies of the 
oils of the region are reviewed by Mr. Rogers 
in Part H of this report (Professional Paper 
117). 

It is hopeless to expect that any great per- 
manent advance will be made in the study of 
such problems as the origin of the oil, its altera- 
tion, or even its accumulation imtil some serious 
and systematic study of the chemical nature 
of the oil is made. The ordinary ^'analj^ses" 
that show the fractional distillation of a sample 
of oil, the viscosity, the gravity, and perhaps 
the amount of sulphur and of unsaturated hy- 
drocarbons are of only a very little use to the 
geologist in his study of these problems. What 
is needed is the determination of the exact na^ 
ture of the hydrocarbons that compose the oil 
in a number of specially selected samples taken 
at different parts of some such field as the 
Sunset-Midway field. Samples that are typical 
as nearly as possible of the original oil, of oils 
that have been altered by interaction with 
various mineral substances, and of others that 
are altered owing to oxidation should be ana- 
lyzed before we can do more than speculate in 
a most general way as to the general nature of 
the oil, of the way in which it is collected, or of 
the changes that it undergoes. 

But until such information is available it may 
not be out of place to point out one or two 
things regarding the variation of the gravity of 
the oil, for the gravity varies considerably and 
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seems to bear some relation to the structure, to 
the presence of water, and to the depth of the 
oil sand beneath the surface. 

Along the west side of the field — ^ui the Spel- 
lacy anticline (Twenty-five Hill), in the field 
about the town of Maricopa, and along the 
foothills of the main range as far as the north 
end of the field — the oil is fairly heavy, thick, 
and tarry. Its character here is probably due 
to the oxidation of the oil upon its close ap- 
proach to the surface, or to the action of surface 
waters. 

In the parts of the field where the oil-bearing 
beds lie deeper the main oil sand is in places 
underlain by tar, which by its proximity to 
water-bearing sands indicates clearly that the 
reaction of the oil and the water have been the 
cause of the formation of the tar. 

Also in the Buena Vista Hills the lightest oil 
in a given sand is apparently that which occurs 
in the highest structural position. The reason 
for this difference is probably to be found in the 
fact that lighter and more mobile hydrocarbons 
have moved to the highest parts of the folds. 

Finally, there is a decided difference in the 
gravity of the oil in the coarse-grained sands 
and that in the veiy fine and compact shales. 

A laige number of distillation tests and 
determinations of gravity and other physical 
features of the oils from the Simset-Midway 
field have been recorded in bulletins published 
by the Bureau of Mines.^ However, all the 
available chemical and physical information 
will be foimd in Part II of this report, where 
it is summarized and discussed by Mr. Rogers. 

XTTBCT or HXNBBAUZED WATERS ON THX OIL. 

In 1910 Mr. E. A. Starke, then chief chemist 
for the Standard Oil Co. of California, called 
the writer's attention to the fact that the 
surface waters of the Calif omia oil fields ap- 
peared to react fairly readily with the oil. 
These surface waters are primarily sulphate 
waters, and by the reaction with the hydro- 
carbons they are reduced, giving rise to free 
sulphur or to hydrogen sulphide. At the 
same time the hydrocarbons are oxidized, 
giving rise to carbonates. Just what reac- 
tions take place can not be told, for the exact 

nature of liie hydrocarbons that make up the 

—  * 

1 AJlen, I. C, and Jacobs, W. A., Physical and chemical properties of 
the petztdeom of the San Joaquin Valley, Calif., with a chapter on analy- 
sis of natural gas from the soathem Califomia oil fields, by Q. A. Bor- 
rell: Bar. Mines Bull. 19, 1911. Allen, I. C, Jacobs, W. A., Crossfleld, 
A. S., and Matthews, R. R., Physical and chemical properties of the 
petroleums of Califomia: Bur. Mines Tech. Paper 74, 1914. 



oil is not known, but the general type of reac- 
tion is expressed by the subjoined fonnula, 
although as methane is a fairly permanent gas 
this reaction itself may never take place to an 
appreciable extent: 

CaS04+CH4=CaOOa+Hj3+HaO 

The carbonates formed by reactions of this 
type remain dissolved in the water, and the 
waters close to the oil are thus changed from 
sulphate to carbonate. But the sulphur or 
the sulphides xmite more or less with the oil to 
form thick and tarry products. 

The discovery of the tendency of the oil to 
react in this manner was turned to advantage 
in a very practical manner by Mr. Starke, for 
he held that as the tendency for this reaction 
was evident and pronounced, sulphate-bear- 
ing waters could not exist in the vicinity of 
oil and that in the oil zone, therefore, only 
carbonate waters would be found. In drill- 
ing ''wildcat" wells a careful examination 
was made by his company of. the water en- 
countered in the various water sands, and as 
long as they showed abundant sulphates it 
was considered that oil did not exist in the 
vicinity; but. as soon as the sulphates disap- 
peared and carbonates appeared great care was 
taken to examine all the sands penetrated to 
determine the presence or absence of oil or 
gas. Bemarkable success was had with this 
procedure so long as care was taken* to obtain 
samples of water really typical of that con- 
tained in the bed penetrated. The method is 
of course adaptable only to those regions 
where the siu:face waters are filled with sul- 
phates, as they are in the Califomia fields. 

Some years later 6. S. Rogers,' of the United 
States Geological Survey, while investigating 
the chemical relation of the oil and water in 
the California fields, elaborated this theory 
and built upon it a classification of the waters 
encountered in these fields. 

In the previous sections of the present 
report the writer has pointed out that the 
reservoirs containing the oil are sealed up by 
tarry oil or tar which is formed by the inter- 
action of the mineralized waters and the hydro- 
carbons that compose the oil. It is a reaction 
of the type described above — ^the reduction of 
sulphate water to form sulphides and the 
addition of the sulphur or sulphides to the oil — 

* Rogers, O. B., Chemical relations of the oil-field waters in San Joa- 
quin Valley, CaUf . (preliminary report): U. 8. Geol. Survey Bull. 663. 
119 pp., 1917. 
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that the writer believes is responsible for the 
formation of this tarry plug. 

In general these reactions that result in the 
formation of tarry products may be divided 
into two classes, or perhaps more properly the 
zones in which reactions of this type take 
place may be divided into two parts — ^that 
close to the surface and that at greater depth, 
in many places at the very base of the oil 
zone, below the beds containing the productive 
oil sands. 

The reactions that take place close to the 
surface, particularly along the outcrop of the 
oil-bearing beds, result in sealing up the out- 
crop and preventing the escape of the oil at 
the surface. The extent to which the oil 
imdergoes alteration is evidently far greater 
near the surface than it is at depth, for the 
deposits of tar and of sulphur are greater 
there. This is to be expected, for the surface 
water characteristically contains more sulphates 
than the waters at greater depth, and more- 
over the oxidation of the oil is aided to a large 
extent by other oxidized products in the rocks 
that lie close to the surface, or by exposure to 
the air itself. Not only are the oils at or 
near the surface changed more or less com- 
pletely to tar, but the sulphate waters are 
changed so completely that great quantities of 
free sulphur are formed, and deposits of native 
sulphur such as the one occurring south of 
Old Sunset resxdt. Sulphur is widely scattered 
along the foothills in which the oil sands 
crop out, but such extensive deposits of sulphur 
as those near Old Sunset are found only 
locally, where they have accumulated for some 
reason. The cause of the sulphur deposit at 
Old Sunset appears to be the concentration of 
oil and sulphate water along a fault zone. 

An interesting bit of evidence as to the 
depth to which the oxidizing effect of the sur- 
face water extends is shown in the wells north 
of Fellows, near the east line of sec. 25, T. 31 
S., R. 22 E. Here the weUs encounter a 
persistent tar zone between 800 and 1,000 
feet below the surface. This zone appears to 
lie more or less parallel to the surface and not 
to correspond exactly to the structure, although 
the dip is so low here that it is difficiilt to be 
certain that the tar bed is not exactly parallel 
to the bedding. . In the beds some 600 or 800 
feet thick below the tar zone and above the top 
of the productive C zone no other notable oil or 
tar sand occurs. The sands that contain the 



tar are not filled with oil to the west but lie 
above the productive zone there as well. To 
the writer this tar is explicable only as marking 
the depth to which the surface waters extend. 
At this depth they encountered hydrocarbons 
of some type, probably gaseous, that were mak- 
ing their way more or less vertically upward. 
One can hardly believe that natural fraction- 
ation of the oil has caused the formation of the 
tar at this particular depth, for why if the tar 
is the result of a gradual fractionation should 
not the xmderlying beds between this tar zone 
and the productive C zone contain tar also? 
Were the tar the result of natural fractionation 
there should be a gradation from the oil sand 
below to the tar sand above, in the amount 
and character of the oil or tar contained. 

The effect of the deeper waters on the oil is 
not so extensive as that of the surface waters, 
but it is evident none the less, for in place 
after place where water is found in the oil 
sand a deposit of tar or heavy oil separates 
the portion of the sand occupied by oil from 
that occupied by water. The reason for the 
lesser effect of the deeper waters and thus for 
the smaller amounts of tar in the deeper sands 
is evidently the fact that the waters in the 
deeper sands contain normally a far smaller 
amount of sulphate than the siu^ace waters. 
According to the views of the writer the deeper 
welters are not by any means to be considered 
as truly connate waters — ^that is, the waters in 
which the sediments composing the beds were 
laid down, still retaining the same chemical 
character as they had at the time of deposition. 
For it is evidently quite unreasonable to believe 
that these waters have remained quietly in 
the beds, retaining unchanged their original 
character, while other fluids, such as the 
petroleimi, have entered the beds and filled 
completely the pore spaces in some of them. 

DETAILS OF THE PRODUCTIVE FIELD. ^ 

DOHXKT PACmC-CASNXQIE ABEA. 

[Southwestern part of eec. I; sees. 2, 3; eastern part of 
sec. 4; northeastern part of sec. 9; sees. 10, 11, 12; 
northern part of sec. 13, T. 31 S., R. 22 E.] ^ 

LOCATION AND OPERATOBS. 

The Doheny Pacific-Carnegie area lies north 
of the main part of the North Midway field 
that is now productive and south of the Mc- 

1 These detailed descriptions of parts of the productive field and the 
conclusions expressed are based on data mfkde available bj the drfliing 
done up to July, 191ft. 
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Eittrick field. In 1916 it contained but few 
productive weUs. In the extreme southeast- 
em part, in sec. 12, are the producing wells of 
the Midland Oilfields Co. and General Pe- 
troleum Co. (Oakbum); and in the extreme 
northern part, in sec. 3, are those of the Do- 
heny Pacific Petroleum Co. In sec. 34, just 
north of the Doheny well, are the old and now 
abandoned wells of the Associated and Mam- 
moth companies. 

GEOLOGY. 

The geology here is complicated, resembling 
that of the McKittrick field, which lies jiist to 
the north, and this area may be considered as 
the extreme south end of the region controlled 
by the structure appearing in the McKittrick 
field. The chief structural features here, from 
southwest to northeast, are (1) the fault along 
the eastern edge of the Telephone Hills; (2) 
the North Midway syQcline; (3) the Belgian 
anticline, in sec. 2; (4) the small syncline 
crossing the north line of sec. 2; and (5) the 
Rudisill anticline. 

Movement along the fault in the Telephone 
Hills has been considerable near the north line 
of T. 31 S., R. 22 E., where beds of the McKit- 
trick group on the east have been dropped and 
abut against the diatomaceous shale and gravel 
in the upper part of the Maricopa shale. The 
displacement along this fault gradually lessens 
toward the southeast, and in sec. 15 the fault 
meiges with the Globe anticline. In the Tele- 
phone Hills, in the extreme western part of the 
area here discussed, the beds are considerably 
fractured on both sides of the fault, and the 
line shown on the map marks only the center of 
this zone of fracture. On account of the large 
amoimt of fracturing and the meagemess of the 
data furnished by the surface exposures and 
by the few wells drilled here it is impossible to 
contour the oil zones in this area. 

The North Midway syncUne is a shallow fold 
that plimges rather abruptly toward the east 
and is almost if not entirely lost near the east 
line of sec. 13. On the east fiank of the fold 
the beds are highly tilted, in places to angles of 
40® or 50®. The irregularity in tilting is evi- 
dently due to the presence here of small faults 
similar to those so abundant in the west flank 
of the same syncline — ^that is, along the east 
edge of the Telephone Hills. 

The anticline that trends southeastward and 
crosses the north line of T. 31 S., B. 22 E., just 
west of the northwest comer of sec. 2 is termed 



the Belgian anticline in the preliminary report 
on the McKittrick-Sunset r^on ^ and is shown 
on the map accompanying that report as mak- 
ing an abrupt double bend in the middle of 
sec. 34, T. 30 S., K. 22 E., adjoining the Sham- 
rock anticline. There is, however, no direct 
evidence that the two anticlines join in this 
manner, but rather they appear to be separate 
folds that overlap like the folds in the Buena 
Vista and Elk hills. The Belgian anticline is 
short, probably not continuing southeastward 
much beyond the point in sec. 2 where it dis- 
appears beneath the alluvium. The beds close 
to the axis are flexed rather sharply, however, 
and at its north end diatomaceous shale in the 
upper part of thp Maricopa shale is brought to 
the surface. 

The syncline lying between the Belgian anti- 
cline and the Rudisill anticline is likewise 
short, plxmging eastward abruptly. The Rudi- 
sill anticline is a well-marked fold, and the beds 
near its axis are tilted steeply. The fold 
plunges southeastward but probably not so 
abruptly as the North Midway syncline. The 
structure in this region is shown on the geologic 
section (PI. XVI). 

OIL SANDS. 

In the western part of the area here de- 
scribed — ^that is, tJie part forming the west 
limb of the North Midway syncline — the sand 
which offers most promise of yielding oil is 
comparable to the B sand of sec. 15, T. 31 S., 
R. 22 E., just to the soiuth, and of the area along 
the foothills still >, farther south in the same 
township. Little can be said regarding the 
position and character of the oil sands here, as 
only a few wells have penetrated them. The 
weUs drilled west of the axis of the North Mid^^ 
way syncline that have penetrated the sand 
which is productive in sec 15 have found it 
either dry or filled with tar or with water. 
Most of these weUs have been drilled into the 
Maricopa shale, which immediately underlies 
the sand from which oil is to be expected, and 
have found oily shaje, streaks of oil sand, and 
water sand. The Carnegie water wed obtains 
water ' from a deep sand in the Maricopa shale, 
at least 3,000 feet and probably 3,400 feet be- 
low the base of the McKittrick group. This 
sand is said to contain some oil, the estimate 
being made that 5 to 10 barrels is brought up 

lU. S. Oeol. Survey Bull. 40A, p. 136, 1910. 

> See analysis In Table M, Part U (Prof. Paper 117). 
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daily with the water. In all, about eight wells 
have been drilled in this western part of the 
area, and they jbave shown that, although the 
beds in the lower part of the McKittrick contain 
some oil, the amount is small and it is doubtful 
whether enough oil will be found, except in 
small isolated areas, to make drilling profitable. 
The absence of oil here is probably to be ex- 
plained by the facts that there is in this area no 
dominant structural feature along which oil 
would tend to collect, and that between this 
area and the Great Valley are numerous anti- 
clines that would act as traps to intercept any 
oil moving westward from the shale lying be- 
neath the valley. 

The oil-saturated sands which rest upon the 
diatomaceous shale that is exposed along the 
crest of the Belgian anticline near the center of 
the north line of the NE. i sec. 3 are at the base 
of the McKittrick and correspond to the B zone. 
These sands may be productive along the axial 
part of the Belgian anticline to a point at least 
as far southeastward as the center of sec. 2, 
where the anticline disappears beneath the 
alluvium. 

The B zone, however, will probably not be 
productive for more than a short distance doWn 
the flanks of the Belgian anticline, for the dips 
are fairly steep, and in other parts of the field 
where the beds are highly tilted — ^notably along 
the foothills southwest of Fellows — ^the belt 
beneath which any particular zone is oil bearing 
is narrow. Therefore on either the east or the 
west flank of the Belgian anticline beyond a 
narrow belt that occupies the crest of tiie fold 
oil should be looked for in beds corresponding 
to the C zone, for if oil occurs there at all it is 
probably in this zone. Sands in the C zone 
have yielded the oil obtained in the Midland 
Oilfields weUs 1, 2, and 3, and the General Pe- 
troleum Co. (Oakbum) well 1. 

In the southeastern part of the area here de- 
scribed the C zone is about 100 feet thick and 
is imderlain by a water sand, just as it is in the 
southeastern part of T. 31 S., R. 22 E. In this 
part of the area the B zone contains water, the 
water sand apparently corresponding to the 
water sand encountered near the southwest 
comer of sec. 13 and lying about 100 feet above 
the top of the C zone. 

SUGGESTIONS FOE FUTURE DEVELOPMENT. 

Much of the area lying west of the axis of the 
North Midway syncline and north of the north 



line of sees. 14 and 15 will probably prove non- 
productive. The oil sands here are badly frac- 
tured, abundant opportunity has been given 
for the oil to escape, and the sands are probably 
occupied chiefly by tar and water. Moreover, 
on accoxmt of the presence of numerous faults, 
it is difficult to predict the exact position at 
which the sands will be encoimtered. Oil will 
probably be foimd in commercial amount in 
some parts of the area, but the oil sands are 
unquestionably discontinuous, and search for 
them will be expensive. 

In the central part of the syncline in sec. 3, 
the southwestern part of sec. 10, and the north- 
western part of sec. 11 the sands will probably 
not yield a great quantity of oil, as they appear 
here also to be fractured. However, the cover 
in this area is greater and the opportunity for 
the escape of the oil less, and doubtless wells 
drilled here would yield a small quantity of oil. 

Farther down the plunge of the syncline — 
that is, in the southeastern part of sec. 11, the 
northern part of sec. 13, and the southern part 
of sec. 12 — the productive sands are in the C 
zone, the B zone being occupied by water or 
tar. In this area weUs similar to ^dland Oil- 
fields No. 1 and General Petroleum (Oakbum) 
No. 1 can probably be obtained, but the sand 
here is probably not so productive as it is 
farther south, closer to the crest of the Globe 
anticline. In this area it will be necessary to 
case off the B sand, which contains water, and 
also to avoid drilling into the bottom water, 
which probably is only slightly below the C 
zone. The C zone here is probably not more 
than 100 feet thick. 

So far Uttle prospecting has been done along 
the axial part of the Belgian anticline. The 
only well that had been drilled here at the 
date of writing (August, 1916), is the gas well 
of the Section 3 Oil Co., which encountered a 
flow of gas estimated at 18,000,000 cubic feet. 
The gas is evidently derived from sandy meas- 
ures in the diatomaceous shale in the upper 
part of the Maricopa shale not far from the 
base of the overlying McKittrick group. The 
Belgian anticline plunges southeastward, and 
because of the abundant evidence of the pres- 
ence of oil afforded by the seep in the canyon 
that crosses the north line of sec. 3 about a 
quarter of a mile west of the northeast comer 
of the section, the gas encoimtered in the well, 
and the gas blowout in the NE. \ sec. 2, the 
southeast end of this anticline offers one of the 
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most promising parts of the North Midway 
field for future driUing. Wells here will probably 
not be '' phenomenal gushers," but practically 
all the southwestern part of sec. 2 and much of 
the surrounding area offers promise of yielding 
a fair quantity of oil. 

XNGINSEBS-COAUNaA MOITTEBSY ABSA. 

[SW. i and southwestem part of NW. | sec. 13, E. } sec. 
14, NE. J sec. 23, and XW. i sec. 24, T. 31 S., R. 
22 E.] 

LOCATION AND OPERATORS. 

The Engineers-Coalinga Monterey area lies 
in the northeastern part of the North Midway 
field and embraces the land lying on the north- 
em flank of the east end of the Globe anticline. 
(See geologic sections, Pis. XVI and XVII.) 

The companies operating here in 1916 were 
the Doheny Pacific, Oakland Midway, General 
Petroleum (Dabney, Bear Creek), Engineers, 
Onisbo, Stockton Midway, Kern Trading & Oil, 
Pacific Midway, and Coalinga Monterey. 

OEOLOOT. 

This area lies at the crest and on the north 
flank of the Globe anticline and extends as far 
northward as the axis of the North Midway 
syncline. The Globe anticline is here a broadly 
rounded fold, which plunges abruptly east- 
ward, and a short distance east of the center 
of sec. 24 the arching effect is almost com- 
pletely lost. This anticline is essentially the 
western continuation of the United anticline, 
in the north end of the Buena Vista Hills, but 
the two folds are separated in sec. 19, T. 31 S., 
R. 23 E., by a saddle that forms the north end 
of the Midway Valley syncline. This syncline 
may be r^arded as separating the structural 
featiu^es which form part of the Temblor Range 
from those which form the outlying Buena 
Vista and Elk hills, the Globe anticline belong- 
ing to the main range and the United anticline 
to the outlying foothills. Both the North 
Midway syncline, on the north side of the Globe 
anticline, and the Twenty-six syncline, on the 
south side, plimge steeply eastward. The 
steep plunge is shown on the map (PI. Ill) by 
the underground contours, whidh bend only 
very slightly for any one of the three folds. 

OIL SANDS. 

In sec. 13 the oil sands are very fine grained, 
being virtually sandy shales. Sand of this 
character is found in the Doheny Pacific and 



Oakland Midway properties. The C zone 
along the east line of the NE. \ sec. 23 is de* 
scribed as gravel and coarse sand and is filled 
with fossils. The pebbles making up the 
gravel beds are said to be well rounded, black 
(probably quartzite), and from a quarter to 
half an inch in size, and the sand grains to 
average between an eighth and a quarter of an 
inch in diameter. In one well log the upper 
part of the C zone is reported as an indurated 
gray sand, but in all others it is recorded as 
loose sand. 

The upper sands in the western part of the 
area are in the Etchegoin or possibly in part in 
the Paso Robles formation. The lower or C 
zone is certainly in the Etchegoin, as is shown 
by the abundant fossils it contains along the 
east line of the NE. } sec. 23. The C zone is 
probably the basal part of the Etchegoin, 
although, as only a very few weUs have been 
drilled through the water sand that underlies 
the productive C zone, its position can not be 
stated with certainty. The distance between 
the top of the B zone and the top of the C zone 
increases greatly eastward, ranging from about 
200 feet near the north-south center lines of 
sees. 14 and 23 to about 500 feet near the east 
lines of those sections. 

In its western part this area mcludes a por- 
tion of the so-called transition belt, where oil 
occurs in the lower sands (the C zone) and also 
in small quantities in beds that in the area still 
farther west are productive — that is, in the B 
zone, which yields oil in sec. 15 and the W. i 
sec. 14. In the eastern part of this area, how- 
ever, these upper sands contain only tar and a 
little water, the main production coming from 
the lower or zone. 

The "transition" belt extends roughly along 
the north-south center lines of sees. 14 and 23 
to the vicinity of the middle of sec. 23. In 
this belt some wells are perforated for the 
upper sand, but in many the upper sands are 
cased off with the water string. In the " tran- 
sition " belt the maximum thickness of the zone 
in which oil sands occur is about 500 feet, and 
of this thibkness the lower 100 to 200 feet con- 
stitutes the C zone. 

The C zone varies in thickness, the maximum 
being about 200 feet. In this measurement 
are included both the oil sands and the inter- 
calated barren beds, for the productive sands 
themselves are in few places more than 100 feet 
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thick. Usually not over 50 feet of oil sand is 
recorded or provided for in perforating the 
casing. 

BEDS ABOVE THE B ZONE. 

Above the B zone occurs the usual mixture 
of clay, gravel, shell, and shale. There is noth- 
ing very notable in the character of these beds 
unless it is that they are somewhat coarser 
grained than most of the other beds along the 
western margin of the productive field. 

Tar sands are fairly abundant up to a level 
within 200 or 300 feet of the surface and are 
thickest along the axis of the Globe anticline^ 
in the NE. i sec. 23 and the NW. } sec. 24. 
Near the center of the west line of sec. 13 a 
tar zone about 100 to 200 feet thick lies 600 
to 800 feet above the top of the B zone. 
Neither above this tar zone nor below it for a 
distance of 400 feet is much tar sand recorded. 
This thin tar zone has been recognized also in 
some of the wells along the south line of sec. 13. 

In the western part of this area, however, 
the B zone is really the bottom part of a thick 
tar zone, tar sands continuing above it for 250 
to 300 feet. Water is abundant in this tar 
sand near the center of the west line of sec. 13. 

WATER SANDS. 

Bottom VHxter. — ^The C zone is underlain by a 
very persistent saline water sand which up to 
the middle of 1916 had been penetrated by 
about 15 wells in this area. There is very 
little record of the flow of water from this 
sand, but it is reported that in one well a 
3-inch pump running at full capacity could 
not exhaust the flow. 

This water sand is very persistent, closely 
imderlying the C zone is much of sees. 23 and 
24 and almost all the water trouble in this 
part of the field has come from drilling into it. 
Near the center of the north Une of sec. 23 
the water is so near to the C zone that it can 
only with great difficulty be shut off properly 
once it has been entered, and several of the 
wells in this general locality have let and are 
possibly now letting water from this sand 
into the oil sands of the C zone. 

Only one well in this area has been drilled 
through this water sand into the underlying 
strata. In this well numerous other water 
sands were encountered in a distance of more 
than 500 feet below the water that lies just 
below the C zone. 



Top and edge water. — ^In the western part 
of sec. 13 water sand occurs with the tar sands 
that either form the uppermost part of the B 
zone or immediately overlie that zone. This 
water is recorded in the logs of several of the 
wells in the southwestern part of sec. 13, the 
southeastern part of sec. 14, and the north- 
eastern part of sec. 23 and is the same as that 
which was designated the "lower top water'* 
in the W. i sec. 14. It is so close to the top 
of the B zone (if it is not actually in that zone) 
as to be practically edge water for the upper 
part of the B zone. This water has been some- 
what troublesome in the ''transition'' belt. 

Another and still more troublesome water 
sand is found below the top of the B zone and 
above the top of the C zone. It is recorded in 
the logs of several wells near the southwest 
comer of sec. 13. This water has been 
cemented off from the C zone in all these wells 
but is quite free to enter the upper or B zone. 
It becomes more and more prominent toward 
the southeast, on the south flank of the Globe 
anticline, and is recorded in the logs of several 
of the wells in the SE. } sec. 23. The approxi- 
mate position of this water sand is shown in 
the geologic section (PI. XVT). 

PRODUCTION. 

For the most part this area contains no wells 
that had a very high initial production. One 
well is said to have had an initial production 
of 1,000 barrels daily and to have produced an 
average of 650 barrels daily for the first month. 
A few other wells, about five in all, made at 
first 200 to 500 barrels a day. 

The rate of decrease here is rather high. 
One group of five wells is said to have lost 25 
per cent of its ''settled" production in one 
year. Another group of 15 or 16 wells is said 
to have lost two-thirds of its ''settled'' pro- 
duction in one year. 

In 1914 the daily production of individual 
wells in this area ranged from 10 to 150 
barrels, and the average daily production of 
wells near the west line of sec. 13 was about 
60 barrels. In the southeastern part of the 
area here discussed the welb averaged about 25 
barrels daily. 

CHABAOTEB OF THE OIL* 

The gravity of the average oil in the C zone 
is about 20^ or 21^ Baum6, but the oil obtained 
in the wells ranges from about 16^ to 21° 
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Baum6. Most of the heavier oil comes from 
the western part of the area, and the increase 
in specific gravity (decrease in degrees Baum6) 
of the oil toward the west is evidently due to 
the fact that the oil produced there is derived 
in part from the B zone. The wells that are 
troubled with bottom water yield oil 2® 
Baum6 or so heavier than that which is nor- 
mally obtained from the C zone. 

SUGGESTIONS FOR FUTURE DEVELOPMENT. 

Deeper drilling. — It seems probable that 
throughout this area the C zone is in the basal 
part of the Etchegoin formation and that the 
success of deeper drilling depends upon the 
presence of oil sands in the Maricopa shale. A 
few wells have been drilled through the water 
sand that underlies the C zone, and these wells 
show that below this bottom water there are no 
further oil sands on the south flank of the 
Globe anticline near the east-west center line 
of sees. 23 and 24. It is doubtfxU if any 
greater success will be attained on the north 
flank of this same anticline. Any deep drilling 
must be carefully done in order that the water 
that lies just below the C zone shall be success- 
fully cased off. A well to test the deep sands 
on the north flank of the fold should be placed 
a considerable distance east of the ''transition 
belt." It would therefore have to case off top 
water above the C zone, the C zone, and water 
bdow the C zone. 

Exclusion ofvxUerfrom ail sands. — In two or 
three placed in the ''transition belt" where tar 
and water sands begin to appear in the B zone 
considerable trouble has been experienced in 
handling top water because of the fact that in 
adjacent weUs the water strings have been set 
at very different horizons. One of the areas 
where this trouble has occurred is near the 
southwest comer of sec. 13. Here a water- 
bearing sand occurs within the B zone; its 
position is shown in the geologic section on 
Plate XVI. Drillers of some wells here have 
reported this water and have cased off below 
it, thus casing this sand off with the upper 
part of the B zone. Drillers of neighboring 
weDs, however, have not recognized this water 
sand and have set their water string at about 
the'top of the B zone. 

It may be that this sand contains water in 
only a few places and that in the weUs whose 
logs have not reported water the sand is 
actually dry. However, as conditions now 



stand water is free to enter the sands in the 
upper part of the B zone in the wells that have 
been cased off below the water sand and to ap- 
pear in the weUs that have been cased off above 
the B zone. Even though water has not yet 
appeared in the last-mentioned wells, it may do 
so later, when the oil has been partly extracted 
from the sand. 

A condition that is similar to that just 
described and is concerned with either the same 
water sand as that causing the trouble near the 
southwest comer of sec. 13 or with a sand at 
about the same horizon exists near the center 
of the west line of sec. 24. In some of the 
wells near the center of the S. i sec. 14 the 
water string has been set below the top of the 
B zone, whereas in neighboring wells the water 
string is set much higher and the oil string is 
perforated to provide for the uppermost sands 
in the B zone. Top water is thus free to enter 
the top of the B zone, although there is no 
record of its actually having done so yet. 

In at least one well near the crest of the 
Globe anticline the water string has been set 
exceptionally low, apparently below the top of 
ihe C zone. It is possible that top water is 
thus permitted to enter the C zone, and several 
of the wells in the vicinity of the well in which 
the casing is so set are troubled with water. 
The source of this water can not be stated 
definitely, however, for in this same area 
bottom water was reached by the drill and it 
may not have been plugged off successfully. 

The sand that yields the most water in this 
area is the one that closely underlies the C zone. 
The approximate position of the top of this sand 
is indicated by the contours on Plate XXXVL 
These contours are of necessity only a rough 
approximation of the location of this sand, for 
the weUs f lumishing information as to its posi- 
tion are few and scattered. However, any well 
that is drilled below the horizon indicated by 
these contours is in grave danger of encounter- 
ing bottom water. The position of this sand 
is shown also on the geologic cross section. 
(PI. XVI.) 

aLOBS-BXAB CREEK ABEA. 

[Sec. 15; W. ) sec. 14; northwestern part of sec. 22; and 
NW. } sec. 23, T. 31 S., R. 22 E.] 

LOCATION AND OPERATORS. 

The Globe-Bear Creek area includes the ex- 
treme northwestern part of the North Midway 
field that was productive in 1916. (See geologic 
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sections, Pis. XVI and XVII.) The companies 
operating here in 1916 were ihe Elliott, Bank- 
line, Dominion, Potteri General Petroleum 
(Globe and Bear Creek), Kern Trading & Oil, 
Hondo, Midway Peerleas, M. & M. (M. H. & M. 
and Cherokee), Security, Combined, Alberta 
Midway, M. G, & P., Pinal Dome, and Tum- 
bador. 

GEOLOGY. 

The chief structural feature in the N. i sec. 
15 is the fault that determines the eastern front 
of the Telephone Hills. This fault dies out near 
me south end of those hiUs, and in the S. i 
sec. 15 the beds are bent into several small 
folds and broken by several small faults. Near 
the southeast comer of the section the structure 
is more simple, and the beds are folded upward 
regularly, forming the fairly broad Globe anti- 
cline. 

The chief structural features in the S. i sec. 
15 are (1) a gentle upward fold along a line 
passing diagonally through the section and con- 
necting the northwest end of the Globe anti- 
cline with the southwest end of the fault zone 
along the east front of the Telephone Hills; 

(2) a slight downward fold along a parallel line 
extending from the center of the west line to 
the center of the south line of the section and 
probably contiuuing into the NE. { sec. 22; 

(3) a very slight upward fold along a parallel 
line that lies between the shallow syncline just 
described and the Twenty-six syncline on the 
south. These two last-mentioned folds are, 
however, so small and so broken by faults that 
individually they do not appear to have had 
much effect upon the accumulation of oil, and 
the upward fold that extends diagonally 
through the central part of sec. 15 may be 
considered as the chief one of these minor struc- 
tural features. 

The rocks of the whole area from sec. 15 
northward and westward to the outcrop of the 
diatomaceous shale in the Telephone Hills and 
in the vicinity of the Santa Fe tank house in 
sec. 17 are much fractured. Apparently there 
is here an abrupt twisting in the strike of the 
beds from the northwestward trend they have in 
the foothills southwest of the Telephone Hills to 
an almost westward trend through the center of 
T. 31 S., R. 22 E. It may be that a northeast- 
ward-trending fault of considerable size deter- 
mines the low pass in the Diablo Range near 
Crocker Springs, but it is more probable that 



the beds only bend abruptly about the ends of 
the plunging folds that pass through sees. 6 and 
7, T. 31S., R. 22E. 

OIL SANDS. 

The chief oil sands in this area lie in the lower 
part of the Etchegoin formation, but it ia prob- 
able that the upper part of the productive zone, 
or at least the lower part of the tar zone that 
overlies the productive oil sands, is in the Paso 
Robles formation. Only one or two wells have 
been drilled completely through the Etchegoin 
into the imderlying Maricopa shale, and the logs 
of all these wells record oil sands mixed with 
shell and brown shale, or "broken oil sand," 
for a distance of about 200 feet below the base 
of the Etchegoin. 

The oil sands vary in grain from very fine 
sandy shale to pebbly coarse-grained sand but 
slightly indurated. "Shells" are not very 
abundant, but the clays in the lower part of the 
tar zone are thick enough to afford good land- 
ings for the water string. 

In the western part of this area, in sec. 15, 
the productive zone varies in thickness but 
reaches a maximum of about 400 feet. The 
upper limit of the productive zone can not be 
recognized definitely from the well records, for 
the productive sands lie at the base of a thick 
zone whose upper part is occupied by tar 
sands, and not only does the impregnation of 
the different sands vary considerably from place 
to place, but the drillers differ as to what 
should be considered a productive oil sand. 
Consequently, the bed recorded in the different 
well logs as the top of the productive zone is 
not everywhere the same. Usually more care 
was taken to test the upper part of the zone 
in the first wells drilled than in the wells drilled 
later, which were put down hastily to the most 
productive sand reached by the neighboring 
wells. The logs of most of the wells in sec. 15 
record an almost unbroken oil sand; few of 
them record less than 200 feet, and most of 
them between 200 and 300 feet. 

Toward the east the upper part of the pro- 
ductive zone becomes more and more tarry, 
and wells recently drilled near the east line of 
sec. 15 record only tar sands in the B zone. 
However, as far eastward as the center of sec. 14 
the B zone has proved productive in sppts, 
and some of the first wells in this section 
originally obtained their oil exclusively from it. 
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Were the B zone everywhere tested adequately 
it might even now yield a small quantity of 
heavy oil throughout the western part of sec. 14. 
The chief oil sands uhderljring the W. ) sec. 14 
are, however, in the C zone, and in the wells 
recently drilled the water strings have been 
set near the base of the B zone, so as to pro- 
duce oil from the lower sands. 

Two wells have been drilled about 200 feet 
below the base of the main oil sands of the 
Etchegoin in the western part of the area, 
penetrating the Maricopa shale. The logs of 
these wells record thin oil sands, shale, and 
shell, but apparently no water was encoun- 
tered. The oil sands have not proved to be 
productive. These sands, together with the 
interstratified brown shales, have a total 
thickness of about 100 feet and are separated 
from the bdse of the main oil zone in the 
Etchegoin by about an equal thickness of 
barren clay and shale. 

BEDS BELOW THE MAIN PRODTJCTIVE ZONE. 

Only three wells have certainly gone below 
the Etchegoin, or, in other words, been drilled 
completely through the main productive zone. 
Below this zone were encountered numierous 
shells and brown shales mixed with lean oil 
sands. These beds form the upper part of the 
Maricopa shale, which here is coarse grained 
and of much the same character as it is where 
exposed in the hills west of Fellows. 

WATER SANDS. 

Top vxUer. — ^Top water has not proved 
troublesome in the western part of this area — 
that is, in most of sec. 15 — and only a few"^ of 
the wells, most of them in the eastern part of the 
SE. \ and the W. } sec. 14, record top water. 
This water sand is interstratified with tar sands 
and lies about 400 feet below the surface and 
300 feet above the top of the B zone.^ The 
water in one well is said to be practically fresh 
and is evidently only surface drainage. 

Near the east line of sec. 15 top water appears 
lower down, apparently occupying sands in the 
upper part of the tar zone — that is, in the 
uppermost part of the zone that is productive 
in sec. 15. 

In general the top water encountered in the 
western part of sec. 15 is largely surface drain- 
age and should not be troublesome, for it is 

^ See analysis 7, Table 14, Fart II (Prof. Paper 117). 



far enough above the top of the productive 
zone to be cased off easily. A lower top- 
water sand encountered in sec. 14 and in part 
of the E. i sec. 15, about 600 feet below the one 
just mentioned, is found at the top of the B 
zone and, it is said, has not been shut off 
properly in some of the wells, probably not 
being recognized in many of them. 

The chief trouble from water is, as usual, in 
the so-called transition belt that lies between 
the area in which oil is obtained from the 
lower sand (the C zone) and that in which it is 
obtained from the top of the B zone, for it 
invariably happens that in this belt the water 
strings are not set uniformly, in the different 
welk. 

The very little top water recorded in the 
NW. \ sec. 23 comes from a sand lying about 
200 feet above the top of the C zone. The 
correlation of this sand is not very good, but 
it may be the equivalent of the lower sand that 
is as troublesome in the eastern part of sec. 14. 
(See p. 92.) 

Bottom vxiter. — ^Bottom water has not been 
encountered in any well in sec. 15, even in the 
deep wells that have entered the Maricopa 
shale. It has been struck, however, in some 
of the wells in the W. i sec. 14, particularly in 
several wells near the center of the south line 
of sec. 14. This water is discussed in detail 
in the part of this report describing the E. i 
sec. 14, the NE. } sec. 23, etc. (p. 92). Its 
approximate position is shown by the contours 
on Plate V and in the geologic section (PL 
XVIII). 

CHARACTER OP THE OIL. 

Most of the oil obtained in sec. 15 ranges in 
gravity from about 12** Baum6 to about 16® 
Baum6, but in places a little oil of relatively 
light gravity (17® to 18® Baum6) is recorded 
in sands that lie at the very top of the pro- 
ductive zone. The oil from the bottom sand 
is in much of the area exceedingly heavy, and 
in many places it has been found difficult or 
almost impossible to drill through this tar sand 
with standard took. The logs of many of the 
wells record alternating oil sands and tar sands. 
It is probable that the variation in gravity is 
caused by the fractured nature of the beds 
and their variation in grain, rather than by 
the presence of water, the very coarse beds 
retaining only the tarry oil, whereas in the 
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fine-grained and less fractured beds fractiona- 
tion is less complete and the lighter oil is 
found. It is also probable that along the 
faults only tarry oil remains, the lighter con- 
stituents having left. 

In the western part of sec. 14 and the NW. } 
sec. 23 the oil is slightly lighter, the lightest 
gravity recorded being between 20° and 23°. 
This oil, however, probably comes in part at 
least from the lower or C zone. 

PRODUCTION. 

Most of the wells in sec. 15 came in as pump- 
ing wells, making 100 to 300 barrels. They are 
fairly long-lived, or at least the rate of de- 
crease is not very great for the first two or 
three years. In the western part of sec. 14 
and the NW. J sec. 23 many of the weUs flowed 
originally and have made 300 to 400 barrels or 
more a day. The period during which they 
flowed, however, was not very long and the 
decrease is much more rapid than for the 
pumping wells in sec. 15. The reason for this 
difference is to be found in the fact that in sec. 
15 the productive zone is thick, whereas in the 
eastern part of the area the sands yielding 
oil are much thinner and either the casing has 
not been perforated for the upper part of the 
zone foimd to be productive in sec. 15 or else 
this part has been shown to be a tar sand that 
win yield no oil. It is probable that if the upper 
part of the productive zone had been more 
carefully tested in the western part of sec. 14, 
it might have yielded a considerable amount of 
heavy oil. 

Near the outcrop in sec. 15 the tar sands and 
even some of the sands containing heavy oil 
are so sticky that drilling with standard tools 
is slow and unsatisfactory, and consequently 
many of the new wells have been drilled with 
the rotary rig. Tins in a measure accounts for 
the difficulty in making satisfactory correla- 
tions from the drill records, for it is notoriously 
difficult to keep an accurate log of a rotary 
drilled welL 

A few of the weUs in sec. 15 use but a single 
string of casing. This is safe only near the 
western edge of sec. 15, for many of the wells 
near the center of the E. i SW. } get a top water 
which, although only surface drainage, should 
be kept out of the productive sand. In most of 
the other wells a water stiing is set just above 
the top of what is considered the productive 



zone. This method would be all right if the 
drillers' ideas were aU alike, but tmfortunately 
insome weUs in the W. i sec. 14 the casing has 
been set above the lower of the two top-water 
sands described above, and in neighboring 
'wells below this water sand. 

SUGGESTIONS FOR FUTURE DEVELOPMENT. 

Deeper drilling. — On the whole it seems foolish 
to drill deep wells here in the hope of getting oil 
from sands that lie below the zone that is now 
productive, especially in the western part of 
the area — ^that is, in sec. 15. Tlie zone that is 
now yielding oil appears to be almost if not 
quite at the base of the Etchegoin. The Mari- 
copa shale, upon which the Etchegoin rests, is 
made up of diatomaceous shale with interca- 
lated lenses of granitic sand and gravel. The 
coarse lenses may yield some oil, yet the op- 
portunity for the oil to have migrated iato the 
overlying Etchegoin is so great, owing to the 
unconformable relations existing between the 
Etchegoin and the Maricopa shale, that the 
coarse beds in the Maricopa shale are rather un- 
promising. 

As the Etchegoin thickens toward the east, 
owing to the imconformity at the base of that 
formation and the inclusion in it of older beds 
than those present closer to the outcrop, it is 
possible that eastward from the vicinity of the 
east line of sec. 15 a deep sand may lie below 
the zone which is now yielding oil. The pro- 
ductive zone is, however, imderlain in this part 
of the field by a persistent sand carrying 
saline water, and in drilling through this water 
sand great care must be exercised to prevent 
the infiltration of the water into the overlying 
productive oil sands. 

Although the Etchegoin thickens eastward, 
the rate of thickening is not very great, and 
inasmuch as wells in the E. i sec. 15 that have 
been drilled through the productive zone have 
not encountered a deeper sand, it would seem 
best, if the drilling of a deep well in sec. 14 
were contemplated, to place that well some- 
where in the E. i sec. 14 or even in sec. 13, 
where a sufficient thickness of beds to contain 
a workable oil sand may have wedged in be- 
low the present productive zone and above the 
Maricopa shale. The prospect of obtaining 
deeper sands in this general area is discussed in 
the section dealing with the E. i sec. 14, the 
NE. i sec. 23, etc. (p. 93). 
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TBATFEC-STABUGHT ABSA. 

[Sec. 16; eastern part of sec. 17; northeastern part of sec. 
20; all of sec. 21 except the southwest comer; and all of 
sec. 22 except the northeastern part, T. 31 S., R. 22 £.] 



LOCATION AND WELLS. 

The Traffic-Starlight area lies at the ex- 
treme northwest end of the North Midway field, 
just west of the south end of the Telephone 
Hills. It extends from the outcrop of the basal 
beds of the McKittrick group eastward to 
the vicinity of the area in sec. 15 which in 
1916 was producing oil. There are no pro- 
ducing wells in this area, but there are several 
idle or abandoned ones, in some of which oil 
was encountered. Chief among these are the 
wells of the State Consplidated and Corrigan 
oil companies in sec. 17, the Durango Oil Co. 
in sec. 20, and the Starlight, K. & C, and 
Chanslor-Oanfield Midway Oil companies in 
sec. 22. 

GEOLOGY. 

The dominant 8tructtu*al feature in this 
area is the Twenty-six syncline, which trends 
diagonally northwestward through sec. 22 
from a point a little south of the center of the 
east line of that section and is contiuued by a 
general synclinal structure through sec. 16. 
This syncline appears to be a well-defined 
trough in sec. 22, with fairly steep dips on 
both north and south flanks and, near the 
east line of the section, a strong plimge toward 
the east. Toward the northwest, however, 
the regularity of the trough is broken by faults, 
and in sec. 16 no line marking the center of 
the trough can be drawn. 

The axis of the Globe anticUne passes close 
to the northeast comer of sec. 22, but it Lb here 
not the dominating feature that it is farther to 
the southeast, for it commences to break up 
into a number of small folds and faults. The 
anticluies and synclines occupy the western 
part of sec. 17 (see geologic map, PL 11), 
plunge rather abruptly eastward, and do not 
affect the structure markedly in the W. i 
sec. 16. They probably have no particular 
influence on the accumulation of oil in this 



area. 



OIL SANDS. 



In this area only a single thick productive 
zone can be recognized. The C zone, which 
is productive in the E. i sec. 23, either forms 
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the lower part of this zone or, more probably, 
is absent, the sands forming it having been 
cut out along the plane of unconformity that 
marks the base of the Etchegoin. It may be 
that the C zone extends as far west as the 
center of the east line of sec. 22, for the lower 
part of the productive zone encountered in the 
Chanslor-Canfield Midway Oil Co.'s well 
No. 2 bx that section corresponds in general 
p&sition fairly well with that zone. 

The conditions encountered in tho SE. \ 
sec. 15 (see pp. 93-96) probably prevail as far 
west as the center of the SE. { sec. 16, for here 
the productive zone is about 150 feet thick. 
The sands become markedly thinner, however, 
westward from this locality, probably owing 
to the unconformity at the base of the Etche- 
goin, and in sec. 17 the zone containing sands 
is not much over 100 feet thick, of which less 
than 50 feet is probably truly oil sand. Toward 
the southwest, in the N. i sec. 21, thick oil 
sands are reported. They evidently contain 
very heavy oil and will probably not prove 
very productive, as there is in that vicinity no 
dominant fold along which oil would tend to 
collect. 

One or two of the wells in this area have 
been drilled completely through the main oil 
zone of the Etchegoin into the underlying 
Maricopa shale and in this formation have 
found irregular lenses of sand, some contain- 
ing a little oil and some containing water. 
The chief water sand reported seems to under- 
lie closely the main oil zone at the base of the 
Etchegoin. 

FUTURE DEVELOPMENT. 

Much of the area lying northeast of the out- 
crop of the Maricopa shale in sees. 21 and 22, 
possibly a very small part of sec. 20 and of the 
SE. \ sec. 17, and a considerable part of the 
S. i sec. 16 will probably prove productive. 
In the SE. { sec. 16 the oil will be found in 
the thick oil sands under much the same con- 
ditions as are encountered in the SW. } sec. 
15, but the productiveness of the sand will 
probably decrease westward from the vicinity 
of the wells now producing in sec. 15. 

On the south flank of the Twenty-six syn- 
cline, in the area passing diagonally through 
the S. i sec. 22 and probably extending into 
the N. i sec. 21, the oil sands will probably 
be foimd to have much the same character as 
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those in the SW. J sec. 26 — that is, they are 
100 to 300 feet thick, are coarse grained, and 
will yield a heavy oil. The most promising 
part of this belt lies about midway between the 
outcrop of the McKittrick group and the axis 
of the Twenty-six sjmcline. Close to the out- 
crop the productive zone contains chiefly tar 
sands, whereas near the axis of the syncline 
water will probably appear in the productive 
zone. Wells drilled in this part of the area will 
almost certainly not be so productive as those 
in the SW. i sec. 26, for in general the south 
flank of the Twenty-six syncline becomes less 
promising northwestward from the west line 
of sec. 26. 

There is but little probability that the Mari- 
copa shale contains extensive productive oil 
sands. Oil may occur in isolated lenses in this 
formation, but the wells that have been drilled 
into it have found only water sand and a few 
very poor oil sands. 

On the whole, wells drilled in this area will 
probably yield only a small amount of heavy 
oil. The most promising parts of the area lie 
along the flanks of the Twenty-six syncline 
and probably also along the axis of that syn- 
cline near its west end, in sees. 21 and 16. 

BBOOKSHIBE-aEM ABEA. 

[S. 1 aec. 23; SW. J and E. i SE. i sec. 24; NW. i and W. } 
NE. i sec. 25; NE. i and northeastern part of NW. i 
flee. 26, T. 31 S., R. 22 E.] 

LOCATION AND OPERATORS. 

The Brookshire-Gem area includes the south- 
em part of the North Midway field, extending 
from the westernmost part of the field that 
was producing oil in 1916 as- for eastward as 
the deep wells north of Fellows, along the 
west line of T. 31 S., R. 23 E. (See geologic 
section, PL XVII.) The companies operatmg 
here in 1916 were the Tumbador, Pinal Dome 
(Gem), Rock, General Petroleum (Logan and 
Brunswick), Brookshire, San Francisco Midway, 
United, Coalinga Monterey, Kern Trading & 
Oil (sees. 23 and 25), Midland Oilfields (Ltd.), 
Chanslor-Canfield Midway Oil (sees. 25 and 
26) , Result, El Camino, and Pyramid. 

GEOLOGY. 

This area lies along the central part of the 
Twenty-six syncline and extends up the north 
flank of that syncline nearly to the crest of 
the Globe anticline. The Twenty-six syncline 



is a regular, fairly narrow trougn as far southeast 
as the vicinity of the center of the north line 
of sec. 26, but eastward from that locality it 
plunges rather abruptly and swings from a 
southeasterly trend to an almost easterly one, 
thus paralleling the Globe anticline. Near the 
northeast comer of sec. 25 the syncline has 
almost flattened out, as is shown by the very 
slight embayment made by the underground 
contours (PI. III). 

The Twenty-six syncline is really the western 
of the two branches of the Midway Valley 
syncline. It may almost be considered as the 
main arm of this branching trough, for the 
saddle between the Globe anticline and the 
United anticline is probably so high as prac- 
tically to terminate the north arm of the Mid- 
way Valley syncline in sec. 19, T, 31 S., R. 23 E. 

OIL. SANDS. 

The chief production in this area is obtained 
from the C zone, the upper or B zone being 
dry in most of the area. The C zone is en- 
tirely in the Etchegoin, as is shown by the 
fossils, which are very plentiful in the pro- 
ducing sands, especially along the east Ipe of 
sec. 23. 

The beds containing oil range from a pebbly 
sand in which the largest fragments are between 
a quarter and half an inch in diameter to a very 
fine sand or sandy clay. One of the most pro- 
ductive wells in this area obtains its oil from a 
'' pepper and salt" sand in which the grains 
are of exceptionally tmif orm size and well 
roimded. Most of the wells, however, includ- 
ing all that have yielded only a small quan- 
tity of oil, obtain their oil from a very 
uneven-grained sand which contains a large 
amount of clay and in which the free-pore 
space is evidently small. 

The C zone is the chief producer, the upper 
or B zone being recognized and the casing per- 
forated for it only in the SW. \ sec. 23 and the 
NW. i sec. 26. The C zone varies in thickness ; 
the maximum is about 200 feet, including inter- 
stratified barren clays and sands. The oil sands 
themselves are usually less than 100 feet and 
in places only 10 to 25 feet thick. On the aver- 
age about 30 to 40 per cent of the C zone is 
recorded as oil sand. 

The '^ transition belt" that marks the east- 
ernmost extension of the area beneath which 
the B zone contains some oil extends roughly 
along the north-south center line of sec. 23 to 
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the vicinity of the south line of that seetion. 
There it swings sli^tly to the west and, bend- 
ing about the Twenty-six syncline, trends 
southeastward practicaUy through the center 
of sec. 26. In the ''transition belt" the pro- 
ductive beds have a maximum thickness of 
450 feet, the lower part of this embracing the 
C zone. * ' Stray " oil sands occur in the B zone 
as far east as the north line of sec. 25, where a 
sand containing some oil lies about 200 feet 
above the main C zone. This ''stray" sand is 
remarkably coarse grained, being very much 
coarser than the sands in the C zone beneath. 

Along the east line of the NE. { sec. 23 the 
B zone is 70 feet thick and is separated by 200 
feet of clay from the C zone, which is here 120 
feet thick. The B zone here contains tar, not 
oil, but may be recognized definitely. Near 
the east line of sec. 25 the beds in the upper part 
of the C zone become less productive, the main 
production coming from the lower part, 
although one or two wells are a notable excep- 
tion to this general rule, for they apparently 
get their oil from the very top of the C zone. 

BEDS ABOVE THE B ZONE. 

The beds above the B zone consist of the 
Usual mixture of clay, sand, and gravel. All 
the wells were drilled with rotary tools, and 
the upper parts of many of the logs are not 
intelligible. It seems, however, that the beds 
as a whole are somewhat coarser grained than 
usual. Also it is certain that tar sands are 
more abundant here than in other parts of 
the field that contain the oil sands buried at an 
equal depth, for they are almost as thick here 
as they are in sec. 15 of the same township, 
where the productive zone is buried under 
much less cover. 

Tar sands are remarkably thick along the 
east-west center line of sec. 23, where about 
half the beds that lie between the top of the B 
zone and a point 700 feet above that zone are 
saturated with tar. In two of the wells tar sands 
are reported within 200 feet of the surface. 
Along the south line of sec. 23 the tar sands 
are much thinner than they are in the center 
of that section. Here they may be grouped 
roughly into two zones. The upper tar zone is 
150 to 200 feet thick and its top lies 600 to 800 
feet below the surface. The top of the lower 
tar sand lies 300 to 600 feet below the bottom of 
the upper sand and extends down to the top of 
the B zone. This lower zone includes, of 



course, a great many barren days, hardly 40 
per cent of the beds bemg recorded as tar sand. 
In the northern part of sec. 25 the logs of 
only a few of the wells record a thick tar sand, 
and most of them record only irregular tar 
sands; but these sands occur within 600 feet 
of the surface, even where the productive oil 
sand lies at a depth of fully 2,400 feet. 

BEDS BELOW THE G ZONE. 

The C zone is in the basal part of the Etche^ 
goin formation probably throughout the area 
and certainly in the northern and western parts 
of it. A few wells that have been drilled sev- 
eral hundred feet below the base of the C zone 
have entered the Maricopa shale, and their logs 
record shale and nimierous shells (many of 
which are recorded as "lime shells") and 
abimdant water sands. One of these wells 
encountered an oil sand in the Maricopa shale 
but never produced from it, the sand being shut 
oflf on account of water trouble. 

WATER SAMBS. 

Bottom water. — ^The C zone is imderiain by 
water sand throughout the area. The top of 
this sand is shown approximately by the con- 
tour map (PI. XXXYI). The sand is the same 
as that encountered by many wells in the 
southern part of sec. 14. However, in the area 
under discussion it is separated from the bot- 
tom of the C zone by a somewhat greater thick- 
ness of clay than it is in sec. 14, for In general, 
as is shown in the geologic section (PI. XVI), 
this bottom water sand seems to diverge 
slightly from the C zone toward the southeast. 
For example, near the center of the north line 
of sec. 23 the bottom of the C zone is practically 
in contact with this water sand, whereas near 
the center of sec. 23 some 50 feet or so of clay 
separates the oil sands from the imderlying water 
sand. Near the center of sec. 26 the water 
sand is barely 100 feet below the top of the C 
zone and there is very little clay between the 
two, the conditions here practicfdly duphcating 
those near the center of the north line of sec. 23. 
Near the the center of the east line of sec. 23 
the water is fully 120 feet below the top of the 
C zone, which is there '60 feet thick. At the 
center of the east line of sec. 26 the C zone rests 
practically upon the water sand. 

Top vxiter. — ^Top water is not troublesome in 
the western part of this area, practically the 
only water encountered there being either dis- 
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tinctly surface water or so far up in the tar 
sands that it is always, cased off. There are 
very few data as to the strength of flow or 
qucJity of this water, but it is said to be 
'* sulphur water. ' ' Water appears in the upper 
part of the B zone in the eastern half of the 
area; and in th6 easternmost part* practically 
all the B zone is occupied by water.* A line 
drawn from the Kem Trading & Oil Co.'s well 
No. 12, in sec. 23, and trending S. 25® W. to the 
vicinity of General Petroleum (Brunswick) No. 
l-A, in sec. 26, separates roughly the area on 
the southeast in which the B zone is occupied, 
whoUy or in part, by water from that on the 
northwest in which no water is recorded in that 
sand. On the south limb of the Twenty-six 
syncline the line marking the western limit of 
the area in which the B zone contains abimdant 
water trends southeastward and passes just 
south of the Chanslor-Canfield Midway Oil Co.'s 
well No. 2, in sec. 25. The log of only one well 
northwest of this line shows water in the B 
zone, but this log is not very reliable, and water 
may not actually have been encountered. This 
top water is what was called the ''lower top 
water" in the description of the southwestern 
part of sec. 13, and its position is shown on the 
geologic section (PL XVI). 

CHARACTER OF THE OIL. 

The oil ranges in gravity from 16° to 23° 
Baum6, and the lightest oil comes from the 
T^ery top of the C zone near the eastern edge of 
this area. The heaviest oil is almost invariably 
that obtained from wells which either are in 
bottom water themselves or are adjacent to 
wells that are. The normal oil from the C 
zone appears to run about 21° to 23° Baiun6. 
In the eastern part of sec. 25 the top of the C 
zone is either dry or contains only a little oil, 
the production coming from the lower part, 
and the oil from this part of the C zone is 
several degrees heavier than that in the upper- 
most part. 

PRODUCTION. 

This area is one of the most spotted in the 
whole Sunset-Midway field. There is nothing 
in the structure of the area that makes it a 
specially favorable locality for the concen- 
tration of oil, for it lies along the axial part of 
a well-marked syncline, and oil would tend to 
migrate either to the north toward the crest 
of the Globe anticline or to the southwest into 
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the beds on the steep n<)l^ flank of the liGdway 
anticline. As is described above, the grain of 
the oil sand is variable, the sand being in some 
places very porous and in others clayey and of 
a low degree of porosity. It is this variable 
porosity that appears to govern the accumula- 
tion of oil, which is trapped in the coarser 
lenses. About four large wells were obtained 
in this area, and these are scattered through it. 
Between them were brought in wells which 
made less than 100 barrels a day initially. In 
1914 the average production per well per day 
was about 30 barrels for the northern half of the 
area and about 60 barrels for the southern half. 

FUTURE DEVELOPBfRNT. 

Except in the northwestern part of this area 
the success of all future development is depend- 
ent upon the C zone, for it is improbable that 
any deeper sand occurs here except possibly in 
the very easternmost part. Even there such 
deep sands are probably to be considered as 
nothing more than the lower part of the C zone, 
for that zone thickens toward the east owing to 
the unconformity at the base of the Etchgoin 
and the wedging in of beds above the diato- 
maceous shale and below the lowest Etchgoin 
present in the western part of the area. In the 
northern part of the area, on account of the 
fact that the water sand so closely underlies the 
C zone in the Globe anticline, it ia risky to drill 
deeper than 100 feet below the top of that zone. 
In the southeastern part of the area the water 
sand is separated from the C zone by a greater 
thickness of clay, and the margin of safet\^ is 
greater. (See PI. XXXVI for approximate 
location of this water sand.) In drilling for 
lenses in the Maricopa shale care must be 
taken before testing such lenses to case off 
top water, the G zone, and the persistent water 
sand that lies just below the G zone. 

In the eastern part of the area the upper or 
B zone is occupied wholly or in part by water 
and must be cased off. Only in the north- 
western part of the area may oil be obtained 
from this zone. 

XL CAHINO-FIONXXB MZDWAT AREA. 

[Central part of sec. 26; N. } S. i and southern edge of 
N. i sec. 25, T. 31 S., R. 22 E., and wes^cential part 
of sec. 30, T. 31 S., R. 23 £.] 

LOCATION AND OPERATORS. 

The El Camino-Pioneer Midway area ex- 
tends from the extreme western edge of the 
present productive field to a point about a 
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mile northwest of the town of Fellows and 
forms a belt 3^000 to 4,000 feet wide far do¥9ii 
on the north limb of the Midway anticline, or, 
in other words, on the south flank of the 
Twenty-six syncline. The companies oper- 
ating here in 1916 were the El Camino, Pyra- 
mid, State, Soudan, Chanslor-Caniield Midway 
Oil (sees. 25 and 26), Eem Trading & Oil, 
and Associated (Pioneer Midway). 

GEOIX>OY. 

This area hes well down on the north flank 
of the Midway anticline, where the beds usu- 
ally dip less than 10°. The Twenty-six syn- 
cline, whose axis lies just north of this area, 
plunges abruptly eastward and is lost near the 
east line of the area — that is, near the east 
line of T. 31 S., R. 22 E.— there merging with 
the main structural depression of the Midway 
Valley syncline. 

The southeastern part of sec. 25 more closely 
resembles the area lying farther southeast-— 
that is, the northeastern part of sec. 36 and 
the northwestern part of sec. 31 — ^and it is de- 
scribed in detail in the discussion of those 
areas (pp. 106-110). 

on. SANDS. 

The producing oil sands in this area occur 
in the lower part of the McEittrick group in 
the Etchegoin formation. Some oil sands 
have been encountered in the underlying 
Maricopa shale in one or two of the deep wells, 
but so far these sands have not yielded much 
if any oil. 

The western part of the area embraces what 
has been described as the ''transition belt/' 
where the chief production is obtained from 
the C zone but where the overlying B zone 
contains oil, as well as tar and water. The 
total thickness of beds from the top of the B 
zone to the base of the C zone is about 300 
feet, and of this approximately the lowest 100 
feet constitutes the C zone. In places the oil 
sands reported in the C zone are very thin, 
some of the wells reporting not more than 20 
feet of them. 

In the eastern part of sec. 25 the B zone 
contains no oil, the productive sands occurring 
entirely within the C zone, which is here about 
200 feet thick. The sandy beds included in 
this zone in this part of the field are very 
lenticular and probably of much the same 
character as those composing this zone near 
the north line of sec. 25, as described on 



page 98. The general character of the C zone 
here is about as follows: 

General section of C zone in E. J see, f5, T. SI S., R, tt E. 

Fett. 
Blue sandy shale containing numerous ** shells" 
and some lenses of sand which have yielded the 
oil produced by the larger wells here. These 

lenses are, however, of small areal extent 60 

Blue shale barren of oil 50* 

Oil sand 10 

Sandy shale; contains some oil in small lenses 70 

Oil sand 30 

Most of the wells here derive their oil from 
the two lower sands. 

BEDS ABOVE THE B ZONE. 

In the western part of the area the B zone 
\& overlain by thick tar sands which are 
reported to extend within 500 or 600 feet of the 
surface. The total thickness of the zone 
containing them is between 700 and 1,000 feet, 
of which the sands saturated with tar form less 
than 20 to 40 per cent, the remainder being 
clay, etc. In the eastern part of the area tar 
sands are reported to occur about 800 feet 
or so from the surface, but strangely enough 
below this upper tar zone very few tars are 
reported down to the C zone. It may be, of 
course, that, as many of these wells were 
drilled with rotary tools, tar sands were not 
reported, but the difference in the records of 
the tar sands encountered in the wells diilled 
in the eastern part of sec. 25 from those in 
the western part of the area is striking. 

BEDS BELOW THE C ZONE. 

Only one well has been drilled for a consider- 
able depth below the C zone, but several of the 
wells have been drilled into the water sand 
which immediately underlies that zone. The 
log of the deep well records brown shale, shell, 
and sandy shale below the C zone and an oil 
sand about 300 feet below the top of that zone. 
This oil sand is Clearly a sandy lens in the 
Maricopa shale, which here seems to be con- 
siderably more sandy than usual, and resembles 
the beds that crop out in the upper part of the 
Maricopa shale west of Fellows. 

WATER SANDS. 

Bottom water. — ^Throughout the area the C 
zone is underlain fairly closely by a water sand, 
into which eight or nine wells have been drilled.^ 

» See analyses in Table 21, Part II (Prof. Paper 117). 
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In the eastern part of sec. 26 this water 
spud lies about 100 feet below the top of the 
C zone and in some places is reported imme- 
diately below the oil sand, whereas in other 
places about 50 feet of shale is reported between 
the oil and water sands. Toward the east the 
barren strata separating the water sand from 
the lowest productive oil sand in the overlying 
C zone increases in thickness, and near the east 
line of sec. 25 the top of the water sand, as 
nearly as raay be judged from the very meager 
data available, is between 200 and 300 feet 
below the top of the C zone. The location of 
the top of this water sand is shown approxi- 
mately by the contour map (PL XXXVI). 

Top water. — ^Top water is reported in most of 
the wells several himdred feet above the pro- 
ductive C zone. Water sands are reported also 
either in the top of the B zone or just- above it, 
in wells near the center of sec. 26, in the 
'^ transition belt." 

CHABACTEB OF THE OIL. 

In the western part of the area, where most 
of the oil is obtained from the B zone, the oil 
is much like that foimd in the southern part of 
the SW. \ sec. 26, higher up the flank of the 
Midway anticline, ranging in gravity from 14° 
Baum6 or a little heavier to about 18° Baum£. 

In the eastern part of the area, where the C 
zone furnishes the production, the oil has an 
average gravity of about 22° Baum6. In 
places, notably in the easternmost part of the 
area, where the oil comes from the lower part 
of the C zone, it is somewhat heavier — 18° to 
19° Baumfi. The upper part of the C zone 
here apparently contains light oil, where it 
contains any oil at all, and has yielded the 
gusher flow in the Associated well (Pioneer 
Midway No. 2). The heavy oil in the lower 
part of the C zone may indicate the presence 
of bottom water close below, or it may be that 
the lower beds are somewhat coarser grained. 

PRODUCTION. 

The production of wells drilled in this area 
varies greatly, the reason probably being that 
the oil sands are lenticular and in much of the 
area are so clayey that they do not contain 
much oil. Certain coarse lenses, however, con- 
tained great quantities of oil, and one of the 
largest producmg wells in the field (Pioneer 
Midway No. 2) is near the eastern margin of 



this area. Several other wells had a ''settled" 
production between 100 and 400 barrels daily. 

SUGOESTIONS FOE PUTUBE WORK. 

Water sand underlies the productive zone 
throughout this area and in the western part 
appears to be very close beneath it. In the 
eastern part of the area bottom water has not 
been reaohed, but heavy oil in the lower part 
of the C zone may indicate that the water is 
not far below. In any case it is risky to drill 
more than 100 feet or so below the top of the 
C zone. 

On the whole it appears probable that the 
average production of wells drilled in the future 
in this area will be low, but that wells having 
a fairly large daily production may be obtained 
in a few places. On accoimt of the lenticular 
character of the oil sands, it is probable that 
the big wells here will have less effect upon one 
another than in most parts of the field, and 
that weUs of fairly high pressure will be ob- 
tained even after the field is pretty well drilled 
up. However, the life of these wells will not 
be long. 

STATE-AMEBICAK OIL7IELDS ABEA. 

[Southwestern part of sec. 26; northeastern part of sec. 27; 
northeastern part of sec. 35; southwestern part of sec. 36, 
T. 31 S., R. 22 E.; north edge of sec. 1, T. 32 S., R. 22 
£.; southwest comer of sec. 31, T.31 S., R. 23 £.; and 
northwest comer of sec. 6, T. 32 S., R. 23 £.] 

LOCATION AND OPERATORS. 

The' State-American Oilfields area extends 
from the outskirts of the town of Fellows west- 
ward to the western edge of the developed field 
and embraces a belt about 4,000 feet wide just 
northeast of the outcrop of the main oil sands. 
(See stereogram, PI. XXXVII.) The chief 
companies operating here in 1916 were the El 
Camino, California Star, State, Mocal, Pyramid, 
Associated, Chanslor-Canfield Midway Oil, 
American Oilfields, United, Eagle Creek, and 
Mammoth. 

GEOLOGY. 

The dominant structural feature here is the 
Midway anticline, which trends almost due 
southeast through the center of sec. 35 and 
takes a somewhat more easterly course through 
the N. \ sec. 1 into sec. 6. At the surface the 
fold is fairly sharp; the basal beds of the 
McBattrick group, which crop out near the axis 
of the fold, being tilted to angles of 25® or 30*", 



STATE-AMEBIGAN OILFIELDS AREA. 



103 



and the imderlying Maiicopa shale, wfaioh is 
exposed in places along the axis of the fold, 
even more steeply. The belt of steep dip is 
narrow, however, extending in few places more 
than 500 or 1,000 feet northeastward from the 
axis of the fold, and beyond it to the northeast 
the beds dip at angles of 10^ or less. 

Like most of the other folds in the foothills, 
the Midway anticline flattens greatly at a depth 
of a few hundred feet, and the oil sands are not 
buckled nearly so sharply as the beds that crop 
out. The Midway antidine extendi a short 
distance farther northwestward than is shown 
on the maps (Pis. 11 and III). In sees. 26, 35? 
and the northwestern part of sec. 1 the crest of 
the Midway anticline appears to be about hori- 
zontal, but eastward from that locality the fold 
pluliges abruptly to the southeast. 

OIL SANDS. 

The chief productive ^ands in this area lie 
entirely within the Etchegoin formation, as is 
shown clearly by the fossils that they contain 
from top to bottom. The Paso Robles forma- 
tion contains tar but no productive oil sands. 
The Maricopa shale has been penetrated by one 
or two wells and is reported to contain a few 
oil sands, but these appear to be lenticular, 
small, and unimportant and have yielded a 
very small fraction of the total production. 
Althoi2gh most of these lenses are practically 
negligible as a commercial source of oil, the 
Maricopa shale contains commercial amounts 
of oil in certain places for where its uppermost 
beds are sandy they form the lower part of the 
main productive zone. 

The f ossilif erous beds of the Etchegoin crop 
out in sees. 35, 36, 1, and 6, this being one of 
the few places where the Etchegoin is exposed 
in the Midway field. The belt of outcrop is so 
narrow that it has not been shown on the 
geolc^c map (PL 11), but its appropriate posi- 
tion is indicated on the map showing the under- 
ground contours (PL III). The fossiliferous 
beds that crop out are evidently the beds from 
which the oil in the northwest comer of sec. 6 
is obtained, many fragments of fossiliferous 
sand haY;ing been blown out of the United 
Oil Co.'s well No. 9 when it first entered the 
sand. 

The oil sands here range from pebbly sand- 
stones in which the larger fragments are half 



an inch or so in diameter to fine sand or sandy 
shale. Some of the beds, particularly those in 
the south end of the area, where the fossilifer- 
ous beds described above* occur, are indurated 
by a lime cement. For the most part the oil 
sands in the western half of the area are fairly 
fine grained, but they seem to be relatively 
free from clay. Very few samples of sand con- 
tain grains that will not pass a 20-mesh sieve, 
and a very large part of each sample passes an 
80-mesh sieve. In places the sand contains 
fragments of a quarter of an inch in diameter, 
but these fragments are not common and it is 
notable that the samples in which they occur 
usually contain a large proportion of clay. 
The sands yielding the most oil usually are 
even-grained '^pepper and salt" sand in which 
the grains are well rounded. The lower part of 
the productive zone — that is, the basal part of 
the Etchegoin — does not appear to be markedly 
coarser than the upper part. 

The productive zone is thickest in the north- 
eastern part of the area, where it is usually 
about 300 feet thick, although in one or two 
wells oil sands are reported through a zone 
fully 400 feet thick. The lowest oil sands en- 
countered in the wells recording this maximum 
thickness are, however, probably in the Mari- 
copa shale, which is in certain places very 
sandy near the top. In most of the wells, the 
greater part of this zone is recorded as oil sands, 
some of which are more and some less pro- 
ductive; in many wells barely 5 per cent of the 
whole is said to be entirely barren of oil. It is 
therefore impossible to separate the zone into 
parts comparable with the B and C zones of the 
area farther from the outcrop. 

Within 1,200 or 1,500 feet of the outcrop 
the productive zone is not over 100 feet thick, 
and the productive well closest to the outcrop 
usually encoimters only 40 to 50 feet of oil sand. 
The decrease toward the outcrop in the thick- 
ness of the productive zone is caused by two 
factors — ^the wedging out of the basal beds of 
the Etchegoin along the plane of uncon- 
formity and the replacement of the oil by tar 
in the upper part of the productive zone. This 
condition of affairs is well shown in the stereo- 
gram of sec. 36, T. 31 S., R. 22 E- (PL XXXVII), 
and is discussed in the part of this' report deal- 
ing with the general mode of occurrence of oil 
in the field (pp. 75-83). 



104 



THB SUNSET-MIDWAY OIL FIEU)| CALIF. — ^PABT I, 



EXPLANATION OF PLATE XXXVIL 



The etereogram was constructed to show the structure 
and the interrelationship of oil, tar, and water-bearing 
beds in an area near the outcrop of the B zone. This figure 
is not a pcrepective drawing and in consequence has a 
somewhat distorted appearance. It is, however, so drawn 
that the three reference lines are exactly to scale and on 
this account it can be used as a working drawing. The 
vertical scale of this block, however, is laiger than the 
seal 3 in other directions, as explained below. The method 
of constructing such a figure is briefly as follows: 

A drawing of a block is constructed, as in figure 9, which 
represents the block as seen from above, AD representing 
the width, DO the depth, and AE the height of the block, 
each drawn to scale. The rectangular face ADHE is repre- 
sented as in the plane of the paper and therefore is of true 
shape and size. The rectangular side DCGH of the block, 
which in reality is at right angles to the plane of the paper, 
is shown diagonally, so that the right angle CDH of the 
side of the block appears in the drawing as 120^. The 




Fioxms O.^Dlagram explaining method of constructing etcroograo in 

Plate XXXVn. 

right angl3 ADO of the top of the block is similarly dis- 
torted in the drawing to 150®. The sides AB and AD are 
of th? samo length and are drawn on the same scale; the 
vertical dimension is made somewhat longer for conve- 
nience in drawing but is drawn on the same scale. 

The intersection of the plane representing the surface 
of tho ground with the sides of the reference block is 
shown in figure 10 by the lines IK, KL, LM, and MI. The 
part of the block below the plane representing the surface 
of the ground is considered as opaque, for it represents 
a block of the earth; the part of the block above the surfoce 
plane IKLM is considered as transparent, for it is simply a 
construction block. On the sides of the solid block the 
edges of the strata that form the block are shown. The 
r'^prcsentation of these strata on the plane IMHE is there- 
for 3 a geologic cross section drawn true to scale, for that 
plan? is in tho plane of the paper. The representation 
of tho intersection qi the strata with the plane MLGH, 
however, is slightly distorted, for that plane which is in 
rmlity at right angles with that of the paper is shown 
diagonally and all angles are distorted. The intersec- 
tion of the upper surface of the zone containing pro- 



ductive oil sands (the B zone that is contoured on PI. Ill) 
with the two front sides of the block is shown by the lines 
ST, TU. The outcrop of the upper sur&ce of the sand is 
represented by the line RS. 

In figure 11 the block is supposed to be separated along 
the upper surface of the B zone — ^that is, along the plane 




FiousE 10.— Diagram ex:ibining method of con. tructirg etereogroin in 

riate XXXVII. 

that is contoured on tho map (PI. Ill) — and the upper 
part of the block is supposed to be lifted so that the upper 
surface of the B zone is -visible. On both the wazped 
plane IKLM that represents the sur&ce of the ground 
and tho warped plane RSTUV that represents the upper 
sur&u^e of the B zone contour lines arc drawn showing 




FiQTTBE 11.— Diagram explaining method of constructing stereogram in 

Plate XXXVU. 

the elevation of these planes above sea level. These con- 
tour lines correspond with part of those that are shown for 
the B zone on the map of the field (PI. III). 

In order to show the structure of the strata more clearly 
the vertical scale in the stereogram is made twice that of 
the horizontal scale, which makes the dip of the beds 
steeper and thus distorts the structure somewhat. 
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BEDS ABOVE THE B ZONE. 

The B zone is overlain directly by a zone 
averaging about 300 feet in thickness in which 
tar sands aroiabundan t. Here as in other areas 
that lie fairly close to the outcrop, the separa- 
tion between the oil and tar zones can not be 
made very definitely, on account of the 
irregular distribution of oil in the beds and 
also because of the lack of uniformity in the 
ideas of the different drillers as to just what 
constitutes oil sand and what tar sand. Near 
the northeastern edge of the area tar sands 
as a rule occur abundantly up to a level within 
400 feet of the surface. 

BEDS BELOW THE PRODUCTIVE ZONE. 

Some 9 or 10 wells in this area have been 
drilled into the Maricopa shale, one of them 
penetrating it for 2,000 feet. Without excep- 
tion, tiiese wells have failed to encounter any 
considerable amount of oil, although practi- 
cally aU have struck coarse lenses that con- 
tained some petroleum. 

The Maricopa shale penetrated by these 
wells is chiefly brown shale (probably diato- 
maceous shale) with numerous ''shells'' and 
sandy or even gravelly beds. Both the well 
records and the outcrops higher in the foot- 
hills indicate that the Maricopa shale is in 
this area filled with sandy lenses that ought 
to make excellent reservoirs in which the oil 
could collect. The tests of the formation 
which these wells have given show that, 
although oil may occur in commercial amounts 
in certain isolated lenses, these lenses are not 
numerous and that prospecting for them will 
have to be done blindly and will be costly, 
for the percentage of dry holes will be very 
largo. 

WATER SANDS. 

Top water. — ^In the western part of the area 
northwest of the center of sec. G6 top water is 
rarely foilnd in weUs drilled within 1,500 or 
2,000 feet of the outcrop, practically the only 
water reported being clearly surface drainage. 
In the east end of the area, however, top water 
lies very close to the top of the B zone, prob- 
ably immediately above the top of the ''stray" 
oil sand that locally lies just above the B 
zone. In some of the wells in this area the 
casing seems to have been set too low, and 
probably water from this sand has entered 



the top of the B zone. Almost certainly the 
"stray" sand. is flooded by this time. This 
water sand is the one that lies so dose above 
the productive B zone near the center of sec. 36. 
Bottom water. — ^The persistent bottom-water 
sand ^ that so closely underlies the C zone in 
the southeastern part of T. 81 S., R. 22 E., 
continues as far southwest as the center of 
sec. 26 and the northwest comer of sec. 36. 
The approximate position of the top of this 
water sand is dhown on Plate XXXVI. Near 
the northwest.comer of sec. 36 this water sand 
lies between 300 and 400 feet below the top of 
the productive zone. Water occurs also at 
approximately the same distance below the top 
of the productive zone in the center of sec. 36. 
The position of this bottom water i^ the center 
of sec. 36 is shown in the stereogram (PL 
XXX Vn). Near the southeast end of the 
area water does not seem to underlie the pro- 
ductive zone quite so closely. The Maricopa 
shale, however, contains numerous water 
sands, and drilling far below the base of the 
Etchegoin is not safe in any part of the area. 

CHARACTER OP THE GEL. 

In the western part of the area the oil ranges 
from 13^ to 19^ Baum6. The gravity of the 
oil does not seem to bear any particular relation 
to the distance from the outcrop, for some of 
the lightest oil is obtained in the wells that are 
closest to it, whereas wells near the north- 
eastern edge of the area and consequently 3,000 
to 4,000 feet from the outcrop yield heavy 
tarry oil. 

In the central part of the area the oil ranges 
from 14° to 24° Baimi6; the average is about 
20°. 

In the east end of the area the oU is even 
lighter, usually ranging between 22° and 24° 
Baum6, although certain wells, in general those 
that are troubled by water, yield heavy oil, 
some as heavy as 14° Baum^. 

In much of the area, particularly in the 
western part, where water sand closely under- 
lies the productive zone, the sands in the 
lower part of the productive zone contain a 
very heavy oil, in many places almost a tar. 
Many wells dose to the outcrop have yielded 
a father larger amount of gas than is usually 
obtained from weUs so close to the outcrop, 
where the opportunity for the escape of the 

1 See analysis 54, Table 24, Part II (Prof. Paper 117). 
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lighter constituents of the gas is relatively 
great. It seems, therefore, that the sealing 
of the beds must be rather more perfect here 
than is usual, and that the oil has suffered 
rather less than the ordinary amount of natural 
fractionation. 

PKODUCTION. 

This area has proved to be one of the richest 
in the Midway field, certainly the riphest that 
is so close to the outcrop. In the western 
part of the area many of the wells had an initial 
production of 200 to 600 barrels daily and a 
"settled" production of 160 to* 200 barrels. 
The largest wells, however, are in the east end 
of the area, where several wells flowed many 
himdred barrels daily for several months. The 
largest of these wells were American Oilfields 
No. 79 and United No. 9. 

A remarkable feature of the production of 
this area is the fact that there is no gradual 
decrease toward the outcrop in the productivity 
of the wells. Up to 600 or 800 feet from the 
outcrop the production of the wells is about 
equal to the average of those within 2,500 feet 
of the outcrop, but at a distance of 300 feet 
or so from the outcrop the sands are much 
poorer and wells drilled there produce only a 
few barrels of oil or are dry. 

SUGGESTIONS FOB FUTUBE WORK. 

In the western part of the area the pro- 
ductive zone is limited to a thickness of less 
than 400 feet, and within 1,000 feet of the out- 
crop it is less than 100 feet thick. Water is 
not present close below the productive zone 
in the southern part of the area west of the 
center of sec. 36. Deep drilling here is there- 
fore not particularly dangerous to the pro- 
ductive sands, but it probably will not. prove 
profitable, for although stray sands are to be 
expected in the upper part of the Maricopa 
shale, such sands are not persistent and prob- 
ably could not materially increase the pro- 
duction. Bottom water is present near the 
northwest comer of sec. 36 and also both 
northwestward and southeastward from that 
point at approximately equal distances from 
the outcrop. Drilling in the part of the area 
lying northeast of this line should therefore 
not be continued below the base of the pro- 
ductive sands of the Etchegoin. 

In the northwest comer of sec. 6 the area 
is practically drilled up, and future work is con- 



cerned with the proper handling of the weHs 
already drilled. The chief troubles here are 
abundant top water and some bottom water, 
which has been reached by several wells. In 
casing off the top water it will probably be nec- 
essary to case off the stray oil sand also, for 
that has already been done in many of the 
wells, and the sand must be by now pretty well 
flooded. In the southwestern part of the area 
the productive zone is not over 300 feet thick, 
and to drill more than 300 feet below the top 
of the zone is dangerous, for bottom water is 
abundant in the underlying Maricopa shale. 

MOCAL-HAWAIIAN ABBA. 

[South edge of sec. 25; southeast comer of sec. 26; NE }, 
northeastern part of NW. i, and northeastern part of 
SE. J sec. 36, T. 31 S., R. 22 E.; southwest comer of 
sec. 30; western part of NW. i and northeastern part of 
SW. i sec. 31, T. 31 S., R. 23 E.] 

LOCATION AND OPERATORS. 

The Mocal-Hawaiian area comprises the 
northern part of what may be termed the Fel- 
lows field, extending from the thickly drilled 
area in and near sec. 26 that was first de- 
veloped by the State Consolidated Co. east- 
ward to a point about three-quarters of a mile 
northwest of the town of Fdlows. (See geo- 
logic sections, PI. XVIII.) The companies op- 
eratmg here in 1916 were the Recovery, Visaha 
Midway, Chandor-Canfield Midway Oil (sees. 
26, 31, and 36), American Oilfields, Associated 
(Pioneer Midway), Honolulu Consolidated (Ha- 
waiian), and Mammoth. 

OBOLOOY. 

This area lies on the north flank of the Mid- 
way anticline, pretty well down the flank, 
where the dip is fairly low. On the north is 
the Twenty-six syncline, and on the east the 
Midway Valley syncliue. Both of these syn- 
clines show their effect in the structure of this 
area, for the strike of the beds in the northern 
part of the area is somewhat more easterly than 
that of the beds in the eastern part of the area. 
The strike of the beds therefore makes a curve 
very gently convex toward the northeast, and 
the structure may be regarded as that of a very 
sUght or broad anticline plunging steeply north- 
eastward. This structure seems to have had 
considerable influence in the concentration of 
the oil, however, for this part of the field has 
thus had an unusually large area from which to 
draw the oil now contained in it. Oil occurring 
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ia the basin of the Twenty-eix syncluxe, to the 
northy would tend to move southward, and that 
formed in the Midway Valley syncline would 
tend to move westward up the dip, to collect 
high on the flank of the Midway anticline. It 
IS probable that a slight fold such as this would 
not have had so great an effect on the accu- 
mulation of oil were it farther from the outcrop, 
but here the sealing of the beds near the out- 
crop by asphalt and tany oil has been nearly 
perfect, and the fold with this sealed end has 
been a better container for oil than the coarse 
lenses surrounded by impervious clays such as 
occur throughout the section. It is note- 
worthy that this area and the area just to the 
west contain practically all the big weUs in the 
Midway field that are close to the outcrop. 

OIL SANDS. 

Practically all the oil obtained in this area 
comes from sands near the base of the Etche- 
goin formation, but one or two wells were 
drilled into the imderlying Maricopa shale, and 
in their logs oil sand is reported 300 to 400 feet 
below the base of the main productive zone. 
There is very little evidence as to the extent of 
these sands in the Maricopa shale, but they are 
probably lenticular and ^rill probably not prove 
very rich. 

Near the center of sec. 36 the total thick- 
ness of the combined B and C zones is about 400 
feet, but toward the northeast the thickness 
increases greatly, and near the northeast cor- 
ner of the section it is about 750 feet. Of this, 
however, only about 250 feet is recorded as oil 
sand. This variation in thickness is evidently 
caused by the unconformity at the base of the 
Etchegoin and the wedging in of older beds 
toward the northeast. The angular discord- 
ance in dip between the Etchegoin and the 
imderlying Maricopa shale appears therefore to 
be considerable and is apparently greater here 
than in the other areas occupying a similar 
position along the foothills of the main ridge. 

The uppermost part of the B zone contains a 
remarkably persistent oil sand which has been 
recognized as far toward the northeast as the 
SW. i sec. 30, T. 31 S., R. 23 E. Near the 
northeast comer of sec. 36 it is about 20 feet 
thick and is separated from the imderlying C 
zone by some 200 feet of barren strata. It is 
rather remarkable that this sand should be so 
persistent, for usually the upper part of the B 
zone becomes nonproductive at a point closer 



to the outcrop than that at which the lower 
sands in the same zone become dry. Near the 
east line of the NE. f sec. 36 the oil sands in the 
C zone are separated by barren clays almost 
equal in thickness to the barren measures 
lying between the upper sand of the B zone 
and the top of the C zone. These clays in the 
C zone are lenticular, however, and can not be 
followed so definitely as the clay overlying that 
zone. 

In most of this area the productive zone may 
be divided readily into the B and C zones, but 
near the southwest edge of the area these zones 
are not separable and together form a thick 
zone of oil sands with rdatively little inter- 
stratified barren clay, shells, etc. 

Along the south line of the NE. J sec. 36, 
the upper part of the productive zone is not 
recorded uniformly in the logs of the wells. 
Many of the logs do not record the upper part 
of the B zone, and, indeed, many of them do 
not record anything as oil sand above the C 
zone. The top of the B zone, however, con- 
tains oil here, and it should not be cased off 
with the top-water sands. 

Several of the big flowing wells near the cen- 
ter of the east line of sec. 36 have obtained 
their oil from a sand that lies at the base of the 
B zone — ^that is, within 60 feet of the top of the 
C zone. This sand occupies approximately the 
same position as the sand that yielded the large 
flow of oil in Pioneer Midway well No. 2, about 
a mile to the north, but in the intervening area 
no oil sand occurs at this horizon. It is evi- 
dent, therefore, that these sands are very len- 
ticular, but their lenticularity is probably the 
chief reason why the oil in them is originally 
imder such high pressure. Near the center of 
the east line of sec. 36 this sand has been, 
recognized under an area of perhaps a square 
mile. 

In this same part of the area a stray sand 
about 10 feet thick is reported in one well 
about 60 feet above the top of the B zone. 
This sand yielded heavy oil for a short time at 
a rate of about 80 or 90 barrels a day, but it 
was apparently soon exhausted and has not 
been recognized in the neighboring wells. 

BEDS ABOVE THE B ZONE. 

In the southwestern part of the area tar 
sands are scattered through the beds from a 
poini between 600 and 800 feet below the sur- 
face down to the top of the B zone. In the 
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northeastern part of the area tar sands are en- 
countered at about an equal distance below 
the surface and also close to the top of the B 
zone, but in the intervening strata they are not 
abundant. The upper tar sand here is usually 
between 200 and 400 feet thick. The lack of 
tar in the beds fairly close to the top of the 
productive sand in the part of the area where 
the sand lies deeper is probably more apparent 
than real, for many of these wells are drilled 
with rotary tools and no attention is paid to 
character of the beds so fal* above the pay 
sands. However, the regularity with w£ch 
the upper tar sand is recorded suggests that 
it is especially heavy. 

WATER SANDS. 

Top vxUer, — ^Throughout the area the B zone 
is closely overlain by water sands, and in most 
of it the water string should be set very close 
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FiOUBB 12.— Diagram ahowixig relation of water sands In sec. 32, T. 31 S., R. 23 £., 
to those In the northeastern part of sec. 36, T. 31 8., R. 23 £. 

to the top of the B zone. The exact position 
of these top-water sands is not known, for they 
are reported as scattered through the beds that 
lie between 200 and 300 feet above the B zone. 
Near the center of the north line of sec. 36 top 
water has been especially troublesome and 
seems to 'be separated from the B zone by only 
a very few feet of clay. In the northeast 
comer of the area water is present in the upper- 
most part of the B zone. The position of these 
sands is shown in the geologic section (PI. 
XVIII, jB). However, except in this extreme 
northeast comer of the area and in the vicinity 
of the center of the north line of sec. 36, where 
the water sand so closely overlies the B zone, 
top water should not be troublesome, for there 
appears to be sufficient clay beneath it in which 
to shut it off. 

Boitom water, — Bottom water has been 
encountered by some of the wells in three parts 



of the area, all in sec. 36 — ^near the center, 
near the northwest comer, and near the 
center of the north line of the section. The 
water f oimd near the cen.ter and near the north- 
west comer occurs either in the basal bed of the 
Etchegoin formation or in the Maricopa shale. 
The Etchegoin rests with marked unconformity 
upon the Maricopa shale, and along a belt that 
extends in a northwesterly direction through 
the center of sec. 36 the Etchegoin appears to be 
thinned considerably, probably because along 
this belt the Maricopa shale, upon which it 
rests, is somewhat higher than normal. The 
explanation of the occurrence of water here 
that best fits the known facts seems to be that a 
water sand in the Maricopa shale reaches the 
plane of imconformity along this belt and that 
water from it has entered the basal bed of the 
Etchegoin and flooded that bed along a belt 
that probably extends from a point north of 
the northwest comer of sec. 36 nearly 
if not quite to the southeast comer of 
the section. This belt is narrow, how- 
ever, and does not extend to the north- 
east down the dip. The sands now 
occupied by water lie 200 or 300 feet 
below the top of the productive zone 
and apparently are not separated by 
much barren clay from the base of that 
zone. Care must be exercised here in 
order to avoid drilling too deep. In 
those parts of the area where water 
occurs very close below the productive 
zone, the lowest oil sands contain 
heavier oil than those in the upper part of the 
zone, and the presence of such oil will serve as 
a warning tp stop drilling. 

Near the east line of the NE. \ sec. 36 the 
deep wells that have been drilled 500 feet or 
more below the top of the C zone have not cer- 
tainly encoimtered water. One well may have 
encoimtered bottom water, but the record is 
not entirely satisfactory. Although the wells 
in this area do not find any water in the C zone, 
water is present in both the upper and lower 
parts of that zone only a short distance to the 
east, and it is probable that as oil is extracted 
from the sands near the east line of sec. 36 
water will work westward into the parts of the 
sand that now contain oil. The general condi- 
tions here are shown in figure 12 and Plate 
XVIII, B. 

The persistent water sand that immediately 
underlies the gusher sand of sec. 32, T, 31 S., 
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R. 23 E., is probably the sand most to be 
feared. In sec. 32 it lies within 100 feet of 
the top of the C zone. 

In the northern part of the area the C zone 
is closely tmderlain by the persistent water 
sand that extends over so much of the south- 
eastern part of T. 31 S., R. 23 E. The approxi> 
mate position of the top of this sand is shown 
on the sketch map (PL XXXVI). 

In several parts of the area more or less 
water has been encountered, but it does not 
appear to come eveiywhere from the same 
sand. The chief water trouble in the northern 
part is dearly from top water. Near the 
center of sec. 36 the chief trouble is probably 
from bottom water, although top water may 
have contributed. Near the northwest comer 
of sec. 36 any water so far obtained probably 
came from a bed below the C zone, but with 
exhaustion of oil edge water in the C zone 
will probably appear. 

CHARACTER OF THE OIL. 

The oil in this area is fairly uniform in 
gravity where water is not troublesome, 
ranging from about 20° to 25® Baum6. Where 
water is troublesome the oil seems to run 17° 
to 19° Baum6. The oil does not appear to 
get heavier regularly toward the outcrop, but 
there is a very distinct diflference in gravity 
between the oil from the B zone and that from 
the C zone in the northeastern part of the area. 
The upper sand is said to furnish oil of about 
17° Baum6, whereas the oil from the lower 
zone, or perhaps a mixture from both upper 
and lower zones, nms 20° to 25° Baum6. 

PRODUCTION. 

In this area are many of the largest wells 
of the Fellows field — swells that were originally 
spectacular gushers. The biggest wells here 
were Honolulu Nos. 1, 10, and 12; American 
Oilfields Nos. 34 and 56; and Mammoth No. 
2. Visalia Midway No. 2 was also a flowing 
well for two years but did not flow wild. 
Most of the wells except those along the 
extreme southwest edge of the area have had 
a settled production of over 100 barrels daily, 
some of them 200 to 300 barrels. With a few 
exceptions the wells produced 60 barrels or 
more daily in 1914. 

FUTURE DEVELOPMENT. 

It is practically certain that further excep- 
tionally large flowing wells can not be ex- 



pected in this area, but much of the area gives 
promise of wells with a settled production of 
100 barrels or more daily. This is particu- 
larly true of the northeastern part of the area — 
that is, the part in which the oil-bearing 
strata lie deeper. It is probable that the southr 
western edge, particularly near the center of 
sec. 36, will yield a much smaller production. 
The uppermost part of the productive zone 
near the south line of the NE. \ sec. 36 is not 
properly tested by many of the wells, although 
top water does not seem to be especially dan- 
gerous here, and the upper sands could proba- 
bly be tested without danger to the productive 
sands. The oil in these sands, however, is 
heavier than that furnished by the lower sands. 
In the northeastern part of the area the upper 
sand becomes much thinner and contains heavy 
oil, of about 17^ Baum6. It is probable that 
edge water now occupies part of this sand and 
that any new wells near the northeast comer 
of sec. 36 will find it profitable to case off this 
sand and produce only from the lower ones. 
This statement may apply also to wells drilled 
as far southwest as a line drawn from the 
vicinity of the American Oilfields No. 5 to 
Manmioth No. 2. 

Drillers of wells in the vicinity of the center 
of the north line of sec. 36 should use excep* 
tional care in shutting off top water, as it 
seems to be very close to the top of the pro- 
ductive zone. It may be that the upper part 
of the productive zone should be cased off here, 
as this has already been done in some of the 
wells, and it is possible that the upper part of 
the productive sand is now flooded. 

Bottom water appears to lie fairly close to 
the productive zone in the center of sec. 36. 
As suggested before, it may be that in this vi- 
cinity the presence of heavy oil will give an 
indication of the proximity of bottom water. 
In the northeast comer of sec. 36 bottom water 
apparently lies close below the productive 
zone, but here that zone seems to be fully 700 
feet thick — ^that is, the lowest productive sand 
lies a little more than 500 feet below the 
sand that forms the uppermost part of the 
zone, which is really the chief producing sand 
here. Somewhat farther east the individual 
oil sands making up the C zone are separated 
by water sands, and here also the chief oil 
sand lies at the very top of the C zone. As the 
oil is exhausted water will work its way up the 
dip and appear in the wells near the northeast 
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comer of sec. 36. The chief water which is to 
be feared is that which lies immediately below 
the upper oil sand in sec. 32 — that is, the sand 
which forms the uppermost part of the C zone. 
(See the description of that area, p. 112, and 
geologic section, PI. XXI.) 

FIONEEB MIDWAY-MIDWAT COKSOUDATBD 

ABEA. 

[Southwestern part of aec. 29; aoutheastem part of sec. 30; 
NE. i, northeastern part of NW. i, and northeastern 
part of SE. { sec. 31; sec. 32; and SW. J sec. 33, T. 31 S., 
R. 23 E.; northwest comer of sec. 3; northwestern 
part of sec. 4; and northeastern part of sec. 5, T. 32 S., 
R. 23 E.] 

LOCATION AND OPERATORS. 

The Pioneer Midway-Midway Consolidated 
area includes the eastern part of the Fellows 
field, forming a belt about 1 or 1} miles wide 
that extends from a point approximately 1) 
miles due north of the town of Fellows south- 
eastward, parallel to Midway Valley, to a 
point about 1) miles east of the town. It lies 
entirely on .the flat, extending from the edge of 
the foothills of the Temblor Range to the cen- 
ter of Midway Valley. (See geologic sections, 
Pis. XIX-XXI.) The companies operating 
here in 1916 were the Kern Trading & Oil, Asso- 
ciated, Consolidated Mutual, Honolulu (Ha- 
waiian) , Columbus Midway, California Midway, 
Buick, Olig Crude, General Petroleum (Fel- 
lows 32), Pacific Crude, Alaska Pioneer, Chans- 
lor-Canfield Midway Oil, Mammoth, Eagle 
Creek, Canadian Pacific, Midway Consolidated, 
Wilkes^Head, Vancouver Midway, California 
Counties, and Standard (Equitable). 

GEOLOGY. 

Most of this area lies fairly well out toward 
the axis of the Midway Valley syncline, where 
the Tertiary beds are hidden under a cover of 
alluvium, which is thin near the foothiUs but 
which is probably a few hundred feet thick in 
the central part of Midway Valley. The 
north end of the area lies near the point where 
the Midway Valley syncline ceases to form a 
single trough and frays out into two minor 
folds, one of which, the Twenty-six syncline, 
extends northwestward through T. 31 S., R. 22 
E.| and the other, the larger one, northward 
through sec. 19, T. 31 S., R. 23 E. This main 
branch of the Midway syncUne may terminate 
in the eastern portion of sec. 19, but even if it 
does, its effect is shown by the presence of the 



low arch or saddle that separates the Globe 
anticline from the United anticline. 

The dip of the beds is low throughout the 
area, rarely being over 6® or 7® along the ex- 
treme southwestern edge. The strike is regu- 
larly northwestward, except of course along 
the axial part of the fold of the Midway Valley 
syncline, where the beds start to swing about 
the axis of the plimging fold. This syncline 
plunges southeastward, but, except possibly 
in the extreme northwestern edge of tJie area, 
the plunge is not more than 1® or 2®. At the 
extreme northwest comer of the area, where 
the Midway Valley syncline forks, the beds 
show a very slight tendency to aline them- 
selves with the trend of the Twenty-six syn- 
cline. 

The Midway Valley syncline appears to be a 
rather flat-bottomed trough, the lowest part 
of which forms a zone that extends for about a 
mile toward the southwest from the axis of the 
fold. In much of the area the dip increases 
rather abruptly along a line trending parallel 
to the axis of the syncline and lying approxi- 
mately a mile or a mile and a quarter south- 
west of it. This line may be considered to 
separate the synclinal portion of the field from 
the portion that is more closely allied with the 
Midway and other small anticlines along the 
flank of the Temblor Range anticline. In the 
part of the area north of the township line 
separating Tps. 31 and 32 S. no such sharp 
division may be noted, for the dip increases 
gradually from the synclinal part of the field 
toward the axis of the Midway anticline; but 
in sees. 5 and 8, T. 32 S., R. 23 E., the separa- 
tion is well marked. The line along which the 
dip changes abruptly trends southeastward 
from the northeast comer of sec. 6 to the center 
of sec. 5 and thence to the center of the south 
line of sec. 4. This difference in the d^ree to 
which the beds are tilted, although slight, 
seems to have had a marked effect upon the 
accumulation of oil, for in the northern area — 
that is, the area of low dip — the upper part of 
the zone that is productive in the foothills, 
where the structure is dominated by the Mid- 
way anticline, contains oil closer to the axial 
part of the syncline than it does in the southern 
area, where the dip is higher and the change in 
attitude is more abrupt. In this southem 
part of the area, where the dip is high and then 
changes abruptly to form the floor of the syn- 
cline, the upper part of the zone that is pro- 
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ductive near the axial part of the Midway anti- 
cline remains productive approximately to the 
line along which the dip changes, but east of 
that line it is almost if not quite barren of oil 
and usually contains water. Between this 
line and the axis of the Midway VaUey syncline 
the productive sands are limited to the lower 
part of the zone that is productive dose to the 
axis of the Midway anticline. 

OIL SANDS. 

The oil sands in this area are entirely in the 
Etch^oin formation, for marine fossils are 
reported both in the deepest sands yet en- 
countered and in beds which overlie the upper- 
most productive sands. No well here has yet 
been drilled deep enough to penetrate all the 
Etchegoin and enter the Maricopa shale. To 
judge from the results of the deep wells drilled 
farther west the Maricopa shale would prob- 
ably not prove productive in this area. 

The productive sands here lie chiefly in the 
C zone, but the B zone contains oil in places 
along the southwestern edge of the area, par- 
ticularly near the northeast comer of sec. 5. 
The general character of the productive zone 
in the different parts of the area may be sum- 
marized about as follows: 

In a narrow belt along the southwestern 
margin of the area the B zone contains oil in 
sandy lenses that have a somewhat irregular 
extent. In this same part of the area theC 
zone is probably about 500 feet thick. The 
best oil sands lie near the top of the C zone, 
but less rich sands are scattered through the 
zone from top to bottom. No water occurs 
within the C zone here. 

In the eastern part of the area the total 
thickness of the C zone is probably a- little 
greater than it is near the southwestern mar- 
giQ, but here the chief oil sand is thin and lies 
at the very top of theX! zone, and water sands 
are abundant in the zone, separating various 
sands reported to contain oil. . 

The B zone is usually 150 to 200 feet thick 
and is productive about as far north as the 
center of the east line of sec. 31, beyond which 
it is occupied by water. As is usual along the 
outer edge of the ''transition belt," the oil 
sands in this zone are irregular and may only 
with difficulty and uncertainty be correlated 
between wells. No persistent oil sand com- 
parable with that which occurs at the top of 



the B zone near the northeast corner of sec. 
36 has been found here. 

In the area just northwest of that here de- 
scribed, near the east line of the NE. i sec. 
36, T. 31 S., R. 22 E., the C zoue is composed 
of interstratified oil sands and barren strata 
that have a total thickness of about 500 feet, 
and of this zone about half is usually recorded 
as oil sand. Eastward for half a mile or so 
from this area the oil in the C zone is restricted 
more and more to a few thin sands that are 
separated from one another by barren days. 
Farther east the oil sands are still thinner, and 
water sands appear in the barren clays that 
separate the oil sands. The conditions exist- 
ing here are shown ia figure 12. 

The character of the productive zone is best 
known in sec. 32, for here the upper part has 
been pretty thoroughly drilled. Its character 
is shown graphically iu the geologic sections 
(Pis. XIX-XXI). The chief features of the 
productive zone here are described below: 

The upper part, usually 20 to 30 feet thick, 
is oil sand (the chief producing sand in this 
section), below which is about an equal thick- 
ness of clay; then a water sand 10 to 20 feet 
thick containing salt water (the troublesome 
bottom water encountered in so many of the 
weUs). Lying between 270 and 330 feet be- 
low this water sand is another sand said to 
yield flowing water. Between these two water 
sands various oil sands are reported, but these 
have not been thoroughly tested, and their 
position is not accurately known. The lowest 
water sand reported is probably not over 50 
feet thick and may be only 10 feet thick. Be- 
neath it oil has been reported, but the extent 
or productivity of this sand is not known. 

The sand forming the uppermost part of 
this zone is the one that has yielded the largest 
production, and almost all the wells in seo. 32 
penetrate only this upper sand. Its thickness 
as reported in the record of wells in the eastern 
part of sec. 32 ranges from 10 to 30 feet. There 
appears to be very little regularity in the 
variation in thickness reported for this sand, 
and the difference is evidently more a per- 
sonal factor dependent on the driller than a 
natural dependent on the position of the sand. 

For a distance of 200 to 300 feet above the 
top of this sand — that is, in the beds that are 
equivalent to the B zone of the western part 
of the area — traces of oil and gas occur, and 
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showings of gas are reported still higher. 
These showings, however, evidently do not 
indicate deposits of commercial value, and the 
water string may safely be set in a short dis- 
tance above the top of the C zone. 

BEDS ABOVE THE PRODUCTIVE ZONE. 

So many of the wells in this area have been 
drilled by rotary tools that any general state- 
ments regarding the character pf the beds 
above the productive zone are not very reli- 
able. It seems, however, that here as else- 
where in the field the uppermost tar zone is 
encountered at a depth of less than 1,000 feet 
below the surface, showing again that either 
this thickness of strata is insufficient to pre- 
vent the fractionation of the oil and the total 
loss of the light constituents, thus resulting in 
the deposition of the tar, or else the highly 
sulphate surface waters are encountered at 
about this depth, with the consequent oxida- 
tion of the hydrocarbons and the addition of 
sulphur. The probable relation of surface 
waters and the upper tar zone is shown by the 
fact that practically all the wells that record 
top water record it either in or just below this 
tar zone. Usually below this water, or below 
this Qombined tao: and water zone, no more 
water or tar are recorded until the position of 
the B zone is approached. 

WATEB SANDS. 

The position of several of the water sands 
has already been described in the section de- 
scribing the oil sands. Top waters are scat- 
tered through the beds from the surface of 
the groimd down to the top of the B zone; 
edge water occurs in the B zone; and water 
sands are interstratified with the oil sands of 
the C zone in the eastern part of sec. 32. 

Top vxUer. — ^The water in the sands that lie 
above the top of the B zone is, for the most part, 
not under heavy pressure and is cased off by 
the water string, which in the wiestem part of 
the area is set above the top of the B zone, or 
in the parts of the field where the sands lie 
deeper, above the top of the C zone. Probably 
the most regular of these water sands is the 
one which lies at the base of the tar zone, 
encountered at a depth of less than 1,000 feet 
below the surface. 

Edge water in B zone. — The B zone contains 
oil only in the southwestern part of the area, 
chiefly near the southwest corner of sec. 32. 
Northeast of this point the upper part of the 



B zone is occupied chiefly by water.* Many 
of the wells in sec. 32 do not record top water 
within 300 or 400 feet abt>ve the oil sand, but 
the other wells show that in the northeastern 
part of the section there is a persistent water 
sand that lies between 230 and 300 feet above 
the C zone. This water sand is probably in the 
B zone, and the water is thus true edge water 
for that zone. The logs of a few of the wells 
in sec. 32 record a lower water sand which lies 
only about 100 to 125 feet above the top of the 
C zone. This water sand may be the same as 
the water sand noted a similar distance above 
the C zone in the northweist comer of the sec- 
tion. In any case, in the NE. } sec. 32 it is 
safest to set the water string somewhat less 
than 100 feet above the top of the C zone. 

In sec. 4, except in the northeast comer, top 
water appears to be farther above the C zone 
than in sec. 32, but the records of it here are not 
very reliable. A sand yielding a heavy flow of 
water is recorded as lying about 300 feet above 
the top of the C zone, but other water sands 
are recorded, one of them lying only 15 feet 
above the top of the C zone. In the south- 
western portion of sec. 4 water occupies the 
upper part, though not necessarily the upper- 
most part, of the B zone, occurring between 175 
and 227 feet above the top of the C zone in the 
three wells whose logs record top water. 

Water in the C zone. — ^The water sand that 
has given the most trouble in this area is the 
one that lies immediately below the oil sand 
which has yielded the chief production in sec. 
32 — that is, the thin oil sand at the very top 
of the C zone. The water from this sand is 
commonly termed bottom water. This water 
sand lies between 35 and 85 feet below the top 
of tha C zone, the average being about 50 feet. 
Inasmuch as the oil sand at the top of the C 
zone is reported to be between 10 and 50 feet 
thick there, it has been diflicult to penetrate 
the oil sand without also penetrating the under- 
lying water sand. 

The water sand that lies about 300 feet below 
the top of the C zone in sec. 32 has been pene- 
trated by only one or two weUs, and as no 
productive oil sands lie close to this sand wat^r 
from it has probably not yet been a source of 
danger to the oil sands. The position of both 
the above-described water sands in the C zone 
is shown pn the geologic sections (Pis. XEX- 
XXI). 

1 See analysis 44 Table 22, Part II (Prof. Paper 117). 
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CHARAOTBB OF THE OIL. 

The oil produced in this area in 1914 ranged 
in gravity from ahout 22® to possibly 28® 
Baumfi, the average being about 25®. Very 
little of the oil is lighter than 26.5® Baum^. 
The gravity of the oil produced by the first 
weUs drilled here was 1® to 2® Baum6 lighter 
than oil produced by the same wells in 1914. 
This decrease (increase in specific gravity) was 
shown most notably by the big flowing wells 
that were first drilled in the section. 

There is a distinct difference in gravity 
between the oil in the upper part of the pro- 
ductive zone and that in the lower part. The 
B zone, which forms the upper part of the 
productive zone in a narrow strip along the 
southwestern edge of the area in sec. 31 , 
furnishes oil of 17® to 20® Baum6. A mixtture 
of this oil with oil from the C zone ranges from 
20® to 23®. Wells that have had water trouble 
or are near wells that have had such trouble 
yield heavier oil. 

PBODUCTION. 

This area contains a number of wells that 
have had a very high initial production, several 
of them as much as 10,000 barrels or more daily. 
The settled production of many of the weUs 
has been more than 1,000 barrels daily for 
periods of several months. These big wells are 
not grouped in any particular part of the area 
but are scattered through it from the north end 
nearly to the southeast comer of sec. 32. 
The whole area is, however, ''spotted," and 
between the big wells are many wells which 
have never produced more than 100 barrels 
a day. The smallness in yield of these welb 
may of course be due in part to faulty drilling 
or more probably faulty methods of bringing 
the weU in, but the lenticular character of the 
beds is probably the chief cause of the variation 
in size of the wells. 

After the first big flow the output of the wells 
has decreased rather rapidly, and in 1914 most 
of tbem were making less than 100 barrels and 
probably less than half a dozen in the whole 
area made more than 200 barrels daily. 

FtJTUBB DEVJSLOPMENT. 

So far as sec. 32 is concerned (and probably 
much of this discussion will apply equally well 
to the southwestern part of sec. 33 and the 
northeastern part of sec. 4), the uppermost 
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part of the C zone has yielded the oil so far 
produced. The productive sand is thin and 
apparently decreases in thickness from the 
southwest toward the northeast — that is, as it 
approaches the axis of the syncline. This thin 
sand has contained oil under tremendous 
pressure and has yielded big flows of oil when first 
tapped by the drill. The initial production of 
wells which may in the future be drilled into 
this sand, even at some distance from present 
wells, will evidently not be nearly so great as 
that of the first wells, for the gas pressure has 
been very greatly reduced throughout the area. 
Thin sands such as this can not be expected to 
yield wells that will be very long-lived, and the 
great decrease in productivity shown by the 
weUs which have been drilled is quite what is 
to be expected. 

The water sand underlying the productive 
sand that forms the upper part of the C zone 
in the eastern part of. the area occurs so close 
to the oil sand that it has very naturally been 
drilled into, and much of the oil sand is now 
flooded with water and doubtless ruined. 

This part of the area shows some promise of 
yielding oil from sands which lie below the 
water sand just mentioned. Such oil sands as 
those recorded between the two water sands 
encoimtered in the wells that have been drilled 
in sec. 32 may yield considerable oil, as may also 
the still deeper sand recorded below the second 
''bottom water." It seems as if the conditions 
here in a measure duplicate those that occur 
in Maricopa Flat (sec. 32, T. 12 N., R. 23 W.) 
— ^that is, that here there are a number of inter- 
fingering oil and water sands. The exact 
position of either the water or the oil sands can 
be determined only by drilling, but testing for 
these sands is well worth while. This area is 
not, however, nearly so favorable as Maricopa 
Flat, as there is here no well-developed anti- 
clinal fold along which the oil would tend to 
collect. 

Testing for lower sand should be carried on 
with due care for the protection of the upper 
sands. Thus in testing for the deepest sand 
said to have been encountered it would be 
necessary to set the following casings: (1) The 
water string above the top of the C zone (cor- 
responding with the water string set in the 
wells now drilled) ; (2) the string below the top 
oil sand of the C zone, to protect that sand 
from "bottom water;" (3) a string below the 
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"bottom water'' which lies just below this 
upper oil sand, to enable the sands that occur 
between this water and the lowest water to be 
tested ; (4) if these sands are productive another 
string between them and the top of the second 
"bottom water" sand; and (5) a string below 
this second water sand, to enable the deep sand 
underlying it to be tested. 

Probably none of the wells that have been 
drilled in sec. 32 for a considerable distance 
below the top of the C zone have given the 
beds at lower horizons an adequate test. All 
of them have been troubled with bottom water, 
both the water which immediately underlies 
the upper member of the C zone and the 
water which occurs some 250 feet lower. 

In considering the possible value of the 
lower sands in this area the character of the 
lower sands in the area just to the west should 
be considered. In that area several wells have 
been 'drilled 300 feet or more below the top 
of the C zone. Although many of them derive 
some oil from the lower sands encountered, 
the best production in most of them is re- 
corded as coining from the upper part of the 
C zone. Thus, although one would naturally 
expect the basal beds of the Etchegoin forma- 
tion to be the most productive, it is entirely 
possible that bottom water has forced the oil 
out from the lowest beds of that formation 
and that the oil has accumulated only in the 
very persistent coarse bed which occurs some 
distance above the base of the formation in 
the axial part of the syncline. It appeaiB, 
however, to be well worth while to make a 
careful test of these lower sands in sec. 32. 

MAMMOTH-8T. IJkWSBNCS ABSA. 

[Southweetem part of sec 31, except the extreme south- 
west comer, T. 31 S., R. 23 E.; northeastern part of 
sec.. 6; southwestern part of NW. i, W. i 8E. i, and 
SW. i sec. 6, T. 32 S., R. 23 E.] 

LOCATION AND OPERATORS. 

The Mammoth-St. Lawrence area embraces 
the southern part of the Fellows field, extend- 
ing from a point about half a mile north of 
the town of Fellows southeastward to a point 
within half a mile of the old Chanslor-Canfield 
Midway (Ml camp in sec. 8. (See geologic 
section, PI. XXII.) The companies operating 
here in 1916 were the Chanslor-Canfield Mid- 
way Oil, Kern Trading & Oil, Midway Premier, 
Midway Five, Kalispell, St. Lawrence, Hale 
McLeod, Eagle Creek, and Mammoth. 



OEOLOaY. 

This area lies on the north flank of the 
Midway anticline, near the place where that 
fold plunges southeastward. The beds dip 
northeastward, usually at angles between 10° 
and 15°, but nowhere within this area do they 
show a tendency to bend around the end of 
the Midway anticline, the strike remaining 
approximately southeast to the southern edge 
of the area. 

Besides the Midway antidine there is prob- 
ably another fold in this area which has had 
some effect upon the accumulation of oil. 
This fold is indicated by a flight topographic 
rise near the eastern edge of sec. 6, passing 
about through the Chanslor-Canfield Midway 
Oil Co.'s well No. 3. The dip of the beds can 
not be made out from the surface exposures, 
and the fold can only be inferred from the 
topographic evidence. 

The angular discordance in dip between the 
Etchegoin formation and the underlying Mari- 
copa shale is considerable, and in consequence 
the lower part of the zone that is productive 
in the northeastern part of the area is wedged 
out abruptly toward the southwest. 

OIL SANDS. 

The chief oil-bearing sands here, the B and 
C zones, are in the basal portion of the McEat- 
trick group. The sand described as the A zone 
(which corresponds to the upper part of the 
zone described as zone B by Arnold and John- 
son ^) may be in the Paso Robles formation, 
for no fossils have been foimd in it. This 
sand, however, does not form an important 
part of the productive zone in the area de- 
sdibed, being productive only in the extreme 
southwest comer of sec. 5 and possibly in a 
part of the E. i sec. 6. Oil has been found 
also in some of the deep wells that have pene- 
trated the upper part of the Maricopa shale. 

The productive oil sands may be grouped 
into three divisions, the A, B, and C zones. 
The three zones are not productive throughout 
the area nor is it possible in all parts of the area 
to recognize a line of separation between some 
one of these and the overlying or underlying 
zone, for to the west the three zones meige. 
The general steplike arrangement of the pro- 
ductive oil sands is shown diagrammatically in 
figure 13. 

1 Arnold, Ralph, and Johnson, H. R., U. S. Oeol. Surrey BiUl. 406, 
p. 144, pi. 3, 1910. 
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Along the southwestern margin of the area 
the productive sands with interstratified clays 
form a zone that averages about 400 feet in 
thickness, which can not here be divided into 
any definite parts. Toward the northeast, 
howerer, the productive zone thickens some- 
what, reaching a maximum of 600 or perhaps 
700 feet, and in the southern part of the area, 
northeast of a hue drawn between the Chans- 
loF-Caafield Midway Oil Co. 'a well No. 17, in 
sec. 6, and St. Lawrence Ko. 3, in sec. 5, the 
productive sands may be grouped fairly defi- 
nitely into the B and C zones. In this part 
of the area the B zone is approximately 200 
feet thick. It has yielded oil in most of the 
area, but near the northeastern edge the oil 
sands in it become very thin, rarely being 
over 60 or 70 feet and in places only 10 or 20 
feet thick, and the uppermost 



BEDS ABOTB THE B ZONE. 

In most of the area, certainly in the south- 
weet«m part and probably as far northeast as a 
line drawn from nortiiwest to southeast 
through the center of sec. 5, it is possible to 
recognize approximately the A zone, which is 
productive in the axial part of the Midway 
anticline in sec. 8. The A zone ia not produc- 
tive in this area but is represented by a tar 
zone — frequently recorded as "■oil sand" or 
'heavy oil sand"^-which has a thickness of 
about 100 or 150 feet. The top of this tar zone 
lies 400 to 500 feet above the top of the B zone. 
Water occurs both in this tar zone and in the 
beds between it and the top of the B zone, in 
most of the area outside of that in which the A 
I zone ia contoured. (See map, PI. III.) 



part of the zone is occupied | 

by water. 

In the northern part of the 
area, near the center of the W.J 
sec. 31, the uppermost 10 to 
30 feet of the B zone contains 
heavy oil, and from this sand 
a few wells have obtained oil 
for a short time. This sand is 
evidently the equivalent of the 
persistent sand at the top of the 
B zone near the northwest cor- 
ner of sec. 36. It does not 

, .  ■! 1 FloDitl 13.— DIuram 

everywhere contain oil, how- 
ever, but in places contains gas under consider^ 
able pressure. Below this sand are barren beds 
approximately 100 feet in thickness, beneath 
wljch is a rather irr^ular oil sand that is 
recognized only in about half of the wells. 
This sand is about 70 to 100 feet thick and rests 
directly upon the C zone, forming, with that 
zone, a continuous productive zone in the 
center of the W. J sec. 31. It is from this sand 
that the gusher production in one or two of the 
wells just north of this locahty was obtained. 

The C zone varies. greatly in thickness on 
account of the unconformity at the base of the 
Etchegoin. Near the southwestern edge of the 
area the lower 200 feet or so of the productive 
zone is probably to be correlated with the C 
zone. Near the center of sec. 5 the C zone is 
about 250 feet thick and its top lies about 300 
feet below the top of the B zone. The varia- 
tion in thickness is shown in the geologic sec- 
tion (PI. XXII). 
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Besides the tar sands in the A zone, tar 
sands are recorded up to levels within 600 or 
800 feet of the surface. The uppermost tor 
sand recorded m this area lies somewhat 
deeper than the uppermost tar sand in the 
area between Fellows and the axis of the 
Twenty-six syncline, where the productive oil 
sands lie deeper than they do here. It seems 
strange that there should be this difference in 
the relative position of the oil and tar sands' 
in the two areas, for one would expect the 
tor sand to bear a more or lees constant 
relation to the oil sand and thus to he deeper 
where the oil sand lies deeper beneath the 
surface. 

BEDS BELOW THE TONE. 

A considerable number of wdls, both in this 
area and in sec. 8, just to the south, have been 
drilled deep and have entered the Maricopa 
shale. Most of the deep wells in sec. 8 and 
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many of those in this area have encountered 
bottom water, but a few have found lenses 
containing considerable oil. 

WATER SANDS. 

The records of the wdis indicate that the 
productive sands in this area are singularly 
free from water. The water is encountered in 
the A zone, in the northeastern part of the 
area, but that zone is not productive in this 
area, except possibly in the southwest comer , 
and the water sands in it are easily shut off 
by setting the casing somewhat less than 100 
feet above the top of the B zone. In one well 
near the center of the west line of sec. 5 a 
water sand lies barely 100 feet above the 
top of the B zone, but in most of the other 
wells in the southwestern part of the area the 
lowest water sand lies somewhat higher. 

Near the center of sec. 6, however, the up- 
per part of the B zone contains water, or 
else a water sand rests immediately upon that 
zone. This water sand will prove and possi- 
bly has already proved troublesome, for many 
of the drillers of wells near this locality have 
disregarded the B zone and have drilled down 
for the C zone, setting their water strings far 
below the water sand just noted. The relation 
of edge water to the B zone here is probably 
the condition of chief importance at present, 
for until the position of this water is appre- 
ciated there is serious danger that by the 
incorrect handling of some well the upper part 
of the productive zone will be flooded. 

What may be termed true bottom water — 
that is, water in a sand which immediately 
underlies the C zone — does not seem to be 
present here, but water i& plentiful in the 
Maricopa shale not far below the C zone, as is 
shown by the deep wells in sec. 8 and the 
Stratton water wells. 

About half a mile to the north the C zone 
is composed of a few oil sands separated by 
barren clays and water sands. (See descrip- 
tion of that area, pp. 110-114, and geologic sec- 
tions, Pis. XIX^XXI.) So far, however, no 
water sands have been encotmtered in the 
area imder discussion, although it is probable 
that as oil is extracted water will work its way 
up the dip and may later appear here in the 
C zone. As the chief water sand in the area 
to the north, in sec. 32, T. 31 S., R. 23 E., lies 
near the top of the C zone, it is in this part of 



the zone that edge water will probably first 
appear in the area now under consideration as 
the oil becomes exhausted. 

CHARACTER OF THE OIL. 

The oil here ranges in gravity from about 
18° to 26° Baumfi. The average gravity of 
the oil obtained in wells which penetrate both 
the B and C zones and which are not near 
wells that make water seems to be about 22^ 
Baumfi. WeUs in which the casing is per- 
forated for only a part of the C zone yield oil 
of about 26° Baum6. The wells that yield 
heavy oil are chiefly those in which water is 
troublesome. One well at first produced oil 
of 16° Baum£ from the B zone but on beil^g 
deepened to the C zone yielded oil of 22^ 
Baum6. 

PRODUCTION. 

This area has been one of the best producing 
sections of the field, many wells having had 
an initial production of 1,000 to 3,000 barrels, 
coming in wild and being very difficult to 
handle. The gas pressure even now, after the 
area is so thoroughly drilled, is notably high. 
Many of the wells have had a daily production 
of over 1,000 barrels for periods of many 
weeks: The field is somewhat spotted, how- 
ever, and some wells that yield only a small 
amount of oil are very close to those that have 
had large initial flows. The dividing line be- 
tween the area on the northeast in which the 
B and C zones have yielded considerable oil, 
and the area on the southwest in which these 
sands are absent or contain no oil is fairi}^ 
sharp and extends from the vicinity of 
Chanslor-Canfield Midway Oil well No. 20, 
southeastward to the vicinity of the center 
of the north line of sec. 8. 

This area had its best day in 191 1 . The pro- 
duction in 1914 was relatively small, the aver- 
age daily production for the weUs being very 
much less than 100 barrels, and several of the 
companies were putting the wells on jacks. 
It is probable that new wells drilled not too 
close to the wells already producing will show 
a fairly high gas pressure, but big gushing weUs 
are not to be expected. The initial pressure 
wiU probably fall off very rapidly in future 
wells, and their daily production will probably 
settle down to less than 100 barrels within a 
year. 
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SUGGESTIONS FOR FUTURE WORK. 

In the area southwest of the dividing line 
mentioned under the preceding heading the 
wells will derive whatever oil they may obtain 
from the A zone or from lenses in the Maricopa 
shale. This zone will probably yield a very 
small production, indeed, and the wells will be 
similar in character to those in see. 8. The oil 
will be heavy. The area lying northeast of 
this line may be further divided by a line 
drawn from northwest to southeast through 
the center of sec. 6. Southwest of this line 
and northeast of the line first described both 
the B and C zones are productive and water is 
not troublesome. Northeast of this line the 
upper part of th& B zone contains edge water, 
and great care should^'l)e exercised in setting 
the water string below 'this zone and yet not so 
far below it as to pei%bit water to enter the 
productive sands that lie in the lower part of 
the B zone. 

Enough deep wells have been drilled here to 
show that the Maricopa shale does not contain 
many oil sands, although some wells have pro- 
duced conmiercial amounts of oil from lenses 
in it. 

Water may prove troublesome in the north- 
eastern part of the area in the basal part of the 
C zone or just below it, for such water has been 
found in some of the wells drilled in sec. 4, just 
to the east, but how far to the west these water 
sands continue can not be determined in any 
other way than by drilling. 

CALErOBNIA COXmnES-COKTOTEKTAL ABEA. 

[Southwest comer of sec. 2 ; southern part of sec. 3 ; aouthem 
part of sec. 4; southeast comer of sec. 5; NE. i sec. 9; 
sec. 10; all of sec. 11 except northeast comer; southwest 
comer of sec. 12; W. i sec. 13; all of sec. 14 except south- 
west comer; northeastern part of sec. 15 ; northeast comer 
of sec.23;northeropartof NW. isec. 24,T. 32S., R. 23E.] 

LOCATION AND OPERATOBS. 

The California Cotmties-Continental area 
extends from Taf t northwestward to the vicin- 
ity of the California Coimties camp, in the 
center of sec. 4, and embraces a strip about 1^ 
miles wide lying just west of the center of 
Midway Valley. The companies operating 
here in 1916 were the Kern Trading & Oil, 
Standard (Continental, Equitable, sec. 10, sec. 
12), California Counties, Chanslor-Canfield Mid- 
way Oil, Union (Equitable, Alvarado, Regal, 
Bedrock), Empire Fuel & Gas, National Pacific, 



Kanawha, S. K. D., Marion, Brad, North 
American Consolidated (sec. 2, Oskaloosa), Vi- 
salia Nonassessable, and General Petroleum 
(Continental). 

GEOLOGY. 

The structure of the area is simple, for no 
minor folds break the regularity of the west 
limb of the Midway Valley syncline, upon 
which this area lies. The beds strike north- 
west throughout the area and dip to the north- 
east at a low angle, being tilted not more than 
10^ or 12® in the extreme southwestern part of 
the area and rarely over 3° or 4® in a belt at 
least half a mile wide lying just west of the 
axis of the syncline. 

The angular unconformity between the 
Maricopa shale and the Etchegoin formation is 
considerable here, as is shown by the abrupt 
way in which first the C zone and later the B 
zone wedge out westward from the axis of the 
Midway Valley syncline. 

OIL SAND8. 

The productive sands lie entirely in the 
Etchegoin formation, the Paso Robles con- 
taining tar but no productive oil sands. No 
well in this area that has penetrated the 
Maricopa shale has obtained commercial 
amounts of oil from it. In the northwest 
comer of sec. 13 and the southwest comer of 
sec. 12 the chief oil sands lie consid^ably above 
the base of the Etchegoin, for in deep wells here 
Etchegoin fossils have been found in beds 400 
feet or so below the chief oil sands. 

The beds of the B zone are relatively fine 
grained throughout this area, and in conse- 
quence wells relying upon sands in this zone 
are small producers, for the oil has tended to 
accxmiulate in the coarser beds below. This 
area forms the northeast end of the belt that 
stretches along the east flank of Twenty-five 
Hill in which the B zone is made up of fine- 
grained material and in which very few wells 
have been commercially successftd. 

The productive sands in this area lie chiefly 
in the C zone, although the overlying B zone 
contains a little oil in the southwestern part. 
The northeastern limit of the area in which 
the B zone contains oil is very irregular. It 
appears to be oil bearing in the southwestern 
part of sec. 10 and in the NE. { sec. 14, two 
areas which lie not more than three-quarters 
of a mile from the axis of the Midway Valley 
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syncline. On the other hand, in sec. 4, which 
lies about an equal distance west of the axis 
of the syncline, the B zone is barren of oil, 
except perhaps in the SW. {. A line from a 
point a little south of the northwest comer of 
sec. 10 through the center of the section and 
thence to a point a few hundred feet south of 
the center of the east line of sec. 14 marks 
roughly the eastern limit of the area in which 
the B zone contains much oil. 

Near the center of the south line of sec. 10 
the total thickness of the productive zone 
from the top of the B zone to the base of the 
C zone is about 600 feet. Approximately an 
equal thickness of oil sands has been pene- 
trated in the NE. i sec. 14, but here the drill 
has probably not yet gone through the full 
thiclmeas of the C zone. 

The northeastern part of the area is stall 
too sparsely drilled to permit any very definite 
statements as to the character of the oil sands 
there, except that all the productive sands 
lie below the top of the C zone. It is probable 
that the conditions here approximate in a 
general way those in sec. 32, T. 31 S., R. 23 
E,, and that oil occurs in thin sands scattered 
through the beds between the top of the C 
zone and the base of the Etchegoin formation, 
and water sands occur between the several 
oil sands. There is, however, no reason to 
believe that the oil sands will yield oil in 
amount comparable with that obtained in 
sec. 32, for the wells so far drilled have shown 
that the oil in these sands is not under nearly 
so heavy pressure as it was in sec. 32 when 
the sand there was first tapped. 

.WATER SANDS. 

Top and edge vxUer. — ^Various water sands 
are recorded above the B zone, but the records 
are so imperfect that no general conclusion 
can be reached regarding them.^ In the 
southwestern part of the area they may all be 
cased off by setting the water string a short 
distance above the B zone. The chief trouble 
from top water is that which is caused by the 
water sands that form the edge water for the 
B zone. The^e sands contain water near the 
center of sec. 10 and in the NE. i sec. 14. 
Here, as in other parts of the field where the 
B zone commences to contain water or tar 
sands, the casing in some wells is perforated 

1 See analysis 33, Table 20, and analysis 59, Table 24, Part II (Prof. 
Paper 117). 



for it, and other wells go down to the under- 
lying T7 zone, eII iue sands in Tn 9 zuuo tyeiiig 
cased off with the water sands. Unless 
uniformity in setting the water string is 
established, water trouble is bound to occur 
here, if it already has not done so. 

In the S. i sec. 4 the B zone contains water, 
and there seem to be no stray 5il sands between 
the thin sand near the top of the.B zone and 
the C zone; therefore the custom of setting 
the water string pretty close to the C zone is 
followed. 

Near the center of sec. 10 water is reported 
between 50 and 150 feet below the. top of the 
B zone, but the reports are so variable that 
no more exact estimate of the position of this 
water sand can be given. In one well the 
water sand has been mistaken for true bottom 
water, and the lower part of the well was 
plugged and the upper part of the B zone 
developed. In neighboring , wells, however, 
both the water sand and the upper oil sand 
in the B zone, from which this well produces, 
are shut off, and oil is obtained from the C 
zone. 

Bottom vxiter. — ^Bottom water is encountered 
by relatively few wells in the part of this area 
where the sands lie deeper, and it here appears 
to lie at least 200 or 250 feet below the top of 
the C zone.' 

Along the southwestern edge of the area a 
water sand lies about 400 feet below the top 
of the B zone. From that locality westward 
this water sand approaches closer and closer to 
the top of the B zone, and near the southwest 
comer of sec. 15 water occupies practically the 
top of that zone. As is explained in the de- 
scription of the SW. I sec. 15 (p. 126), this water 
sand is believed to mark approximately the 
plane of unconformity between the Maricopa 
shale and the overlying Etchegoin formation, 
and the reason that it appears to lie at a higher 
horizon toward the west is that the Etchegoin, 
in which the B zone lies, wedges out in this 
direction. 

CHAKACTER OF THE OIL. 

There is a distinct difference in the gravity 
of the oil foimd in the different sands in sec. 
10, and probably a difference in the gravity 
in the same sand in different parts of the area. 
This area is about the easternmost in which 
the B zone contains oil, and as some of the 

See analysis 48, Table 22, Part II (Prof. Paper 117). 
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wells produce only from it and others only 
from the C zone, a fairly definite comparison 
of the oil contained in the two zones may be 
made. 

In the wells in the central part of sec. 9 the 
casing is perforated for both the B zone and 
the top of the C zone, and the gravity of the 
oil obtained ranges from 20^ to 23^ Baum6, 
except in one well, which is probably troubled 
by water and from which heavier oil is ob- 
tained. 

Near the center of the south line of sec. 10 
the top of the B zone does not seem to be very 
productive and most of the weUs derive their 
oil either from stray sands that lie in the lower 
part of the B zone or from the C zone. Many 
of them have been drilled to a very deep part 
of the C zone, in which the oil is heavy. In 
general in sec. 10 the gravity of the normal oil 
from the C zone is about 24^ to 27^ Baum^. 
The average oil from the B zone runs 20^ to 
22^ Baum6, but closer to the hills, in sec. 15, the 
B zone seems to yield oil of 14^ to 16^ or 17° 
Baum6. In the lower part of the C zone near 
the south edge of sec. 10 the gravity of the 
oil is 15° to 17° Baum6. This sand is under- 
lain by a sand containing water, to the presence 
of wldch the heavy gravity is probably due. 
This heavy oil has not been reported in the 
center of sec. 10. It may underlie the sand 
yielding 26° oil there, or it may be that the 
sand containing tar in the south edge of sec. 
10 contains water in the center of that section. 

In sec. 14 the difference between the oils in 
the different sands is not so well marked as it 
is in sec. 10. Many of the wells have casings 
perforated practically throughout the B and C 
zones and yield an oil that ranges in gravity 
from about 21.5° to 25° Baum6. However, in 
the southwestern part of this area the B zone 
yields oil of 22.5° Baum6. 

In the extreme north end of the area the C 
zone yields oil ranging from 26° to over 28° 
Baum£. 

PRODUCTION. 

This area is somewhat spotted, and wells 
located fairly close together in which the casing 
is perforated for the same sand yield very 
different quantities of oil. 

The bulk of the oil comes from the C zone; 
the B zone yields oil in the southwestern part 
of the area, but weUs depending upon sands in 
this zone are usually small producers. 



A few wells have had initial productions of 
500 barrels or more, and in 1914 12 wells had 
a daily production of 100 barrels or more. 
The average production in 1914 was about 75 
barrels daily. The decrease in production 
here does not seem to be very great for the 
deep weUs that produce from the C zone, but 
it is rather high for those in the B zone. 

SUGGESTIONS FOB FUTURE WOBK. 

The area may be divided by lines running 
from northwest to southeast into three belts 
in which the conditions are fairly constant. 

Along the southwest edge, in a belt about 
one-third of a mile wide in sec. 15 and slightly 
narrower in the northern part of sec. 9, the 
sands from which oil must be expected are in- 
cluded within the B zone. This zone is usually 
composed of fine-grained sands, and wells 
deriving their oil from it will probably have 
small yields. 

The central belt is about half a mile wide. 
Its northeastern edge lies along a line drawn 
southeastward from the vicinity of the south- 
east comer of the California Counties property, 
passing a little north of the center of sec. 10 
and thence to a point a little north of the center 
of the east line of sec. 14. In this zone the 
chief production is obtained from the C zone. 
The B zone, however, yields oil, and some of 
the wells rely entirely upon it for their oil, but 
in the northeast edge of the belt the B zone 
contains water. This, the "transition belt," 
is the critical one for this area, for if the water 
is not properly handled here it will flood the 
productive sand to the west. Even though 
the sands in the upper part of the B zone are 
not productive they should be protected from 
the water sands lying above and below them, 
for they are the chief productive oil sands in 
the western part of the area. 

The third belt lies northeast of the one just 
described and extends to the axis of the Mid- 
way Valley syncline. In this belt the C zone 
yields the oil, the B zone being dry or contain- 
ing water. The C zone here appears to contain 
a number of oil sands, which are probably sepa- 
rated by water sands, the whole zone being 
comparable with the productive zone in sec. 
32, T. 31 N., R. 23 E. The upper part of the 
C zone appears to contain most of the oil, and 
it is safe to case off all sands above it. It is 
probable that near the axis of the Midway Val- 
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ley syncline the whole C zone is bairen of oil or 
filled with water^ 

Although the deep wells dose to the axis of 
the Midway Valley syncline have tested the 
lower part of the C zone fairly well and have 
shown that the oil sands here are very lean, that 
part of the zone has not been tested so thor- 
oughly half a mile or so to the west^ and here 
prospecting for sands that lie between 250 and 
400 feet below the top of the C zone offers some 
promise of reward. 

STSATTON WATXB-LOCKWOOD AABA. 

[Northeastern part of sec. 7; sec. 8; SW. } sec. 9; NW. J 
sec. 16; northeastern part of sec. 17, T. 32 S., R. 23 E.] 

LOCATION AND OPERATORS. 

The Stratton Water-Lockwood area includes 
the south end of the Fellows field and ex- 
tends from the old Chanslor-Canfield Midway 
Oil camp in sec. 8 southeastward to the North 
American camp in sec. 16. The companies 
operating here in 1916 were the Stratton Water, 
Chanslor-Canfield Midway Oil, Hale McLeod, 
Traffic, Midland, and North American Oil Con- 
solidated. 

GEOLOGY. 

The area lies in the outer foothills of the 
main Temblor Range, on the east ends of the 
Midway anticline and the Midoil syncline. 
These folds are in the outer edge of the foot- 
hills and west of Fellows trend parallel to the 
north end of Midway Valley for a distance of 
about 4 miles, but in the area here discussed 
they swing slightly toward the east and plunge 
fairly abruptly beneath the valley, both dying 
out so far as their effect upon the surface rooks 
is concerned. To the south the marginal struc^ 
tural features similar to these folds are the 
Spellacy Hill anticline and the syncline .lying 
just southwest of it. The relation of the Mid- 
way anticline to the Spellacy Hill anticline is 
not quite clear, for there is considerable fault- 
ing and fracturing of the rocks in the southwest 
comer of sec. 16. The faulting is probably 
rather minor, however, and the two folds may 
overlap in the maimer characteristic of these 
small folds throughout the general region. 

At the surface the beds dip at a rather low 
angle even near the axis of the l^lidway anti- 
cline, rarely being tilted over 10° anywhere in 
the NW. i sec. 8. A second very small anti- 
cline probably lies just north of the Midway 
anticline, crossing the SW. i sec. 6 and 



trending parallel to the Midway anticline. 
This fold is not shown in the outcropping beds, 
but it is indicated by a small topographic rise 
near the Chanslor-Canfield Midway Oil Co.'s 
well No. 3 in the SE, J sec* 6, and by the flat- 
tening of the dip of the oil zones both along the 
east line of sec. 6 and along the north line of 
sec. 8. In the southern comer of the area, at 
the northwest end of the Spellacy Hill anti- 
cline, the beds are steeply tilted, standing in 
places at an angle of 40°. The dip flattens 
rather abruptly, however, and near the center 
of the west line of sec. 16 is not over 15°. 
Neither the Midway anticline nor the Midoil 
syncline is very deep, for, although the anti- 
cline affects the surface rocks as far southeast- 
ward as the center of sec. 8, the oil sands do 
not make a complete fold, but the anticline 
and syncline together have residted only in the 
bending of the rocks from a northwesterly to 
practically a northerly strike in the north- 
western part of sec. 16 and the northeastern 
part of sec. 17. This effect is recognized in the 
oil sands as far eastward as the center of sec. 
15, being shown by a broad bending, convex 
to the southwest, of the underground contours. 
(See PL HI.) It should be noted here that the 
Midoil syncline is not so deep as the Twenty- 
six syndine, which lies northeast of the Mid- 
way anticline, and in consequence the Midway 
anticline is more closely allied to the Spellacy 
Hill anticline than to the Globe anticline. 
Although the oil sands in the Midoil syncline 
contain some water they do not seem to carry 
nearly as much as the sands in the Twenty- 
six syncline. 

The angular unconformity between the 
Maricopa shale and the McKittrick ^ group 
appears to be considerable here and to be 
especially marked along the axial part of the 
Midway anticline. The lower sands — that is, 
those of the B and C zones — ^wedge out rather 
sharply on the northeast flank of the anticline, 
and over a very considerable area the only 
productive sands are those contained in the 
A zone. 

OIL SAKDS. 

Position. — ^The chief productive sands in 
this area lie in the basal part of the McKittrick 
group, and in much of the area, especially 
along the axial part of the Midway anticline, 
they seem to lie practically at the base of the 
McKittrick. The B and C zones are certainly 
in the Etchegoin formation and the basal part 
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of the A zone is also in that formation, for 
fossils have been found in this uppermost zone 
in one weQ. The upper part of the A zone 
may, however, be in the Paso Robles forma- 
tion. A small production of fairly light oil — 
20^ Baum6 — ^is also reported from beds*that 
are clearly in the Maricopa shale. 

Divisions. — ^The oil sands in the McEattrick 
group may be grouped into two main divisions. 
The upper division, which corresponds to the 
A zone, has yielded oil in the central and north- 
western parts of sec. 8, the northeastern part 
of sec. 17, the southeast comer of sec. 9, and 
the western part of sec. 16; the lower division, 
which is the equivalent of the B and C zones, 
has yielded oil in the northeast comer of sec. 
8, the central part of sec. 9, and probably the 
northeast comer of sec. 16. The oil occurs 
here about as irregularly as in any other part 
of the field, its distribution being especially 
irregular in the axial part of the Midway anti- 
cline. This irregular distribution is probably 
due in part to the irregular surface of the Mari- 
copa shale and consequently an irregular dis- 
tribution of the sandy beds that serve as res- 
ervoirs for the oil but also to the fact that this 
formation appears to contain considerable 
water. 

Sandy lenses in the Maricopa shale have 
yielded oil in the several wells near the axial 
part of the Midway anticline, but these lenses 
are irregular, and as many of them contain 
water rather than oil, they do not promise to 
be a source of much oil. Deep wells at a dis- 
tance from the axial part of the anticUne have 
not found oil in conmiercial amount in such 
lenses. 

A zone. — ^In the northwestern part of the 
area, along the axial part of the Midway anti- 
cline in sec. 8, the A zone varies in thickness 
and reaches a maximum of about 100 feet, but in 
much of the area the thickness reported in the 
wells is considerably less than 50 feet. The 
productive zone is overlain by a zone about 300 
feet thick composed of oil sands, tar sands, 
and water sands interstratified with barren 
day. In one or two of the weUs the beds 
lying in this upper zone have yielded some oil, 
but most of the oil has come from the thinner 
underlying zone mapped as the A zone. 

In the southeastern part of sec. 8 the A zone 
has an average thickness of approximately 200 
feet and a maximum of a little over 250 feet, 
and of this about 50 per cent is usually re- 



corded as barren. Here the A zone ia over- 
lain by a zone of tarry sands whose average 
thickness is about the same as that of the A 
zone but which has a maximum recorded thick- 
ness of about 400 feet. In places the beds in 
this zone are recorded as oil sands but have 
yielded no oil and are probably heavy tar sands. 
They are comparable with the mixed oil, tar, 
and water sands overlying the A zone in the 
NW. \ sec. 8. 

In sec. 1 7 and the northwestern part of sec. 
16 the A zone has a thickness of about 250 to 
350 feet, in places as much as 400 feet. Of this 
40 to 80 per cent is barren of oil. The A zone 
here is overlain by no thick tar zone comparable 
with that in the SE. \ sec. 8, but irregular and 
thin tar sands are recorded up nearly to the 
surface. The difference between the tar sands 
here and those in sec. 8 is pronounced. In the 
eastern part of this area the A zone appears to 
be thinner than in the western part and to be 
overlain by a somewhat thicker tar zone; also 
the water sands appear in the tar zone here in 
much the same manner as in the NW. \ sec. 8. 

The A zone probably contains oil as far east 
as the center of the SW. i sec. 5. A few of the 
older weUs have reported oil in it, although 
those drilled more recently have gone through 
the A zone for the richer sands in the underly- 
ing B and C zones. In the extreme south end 
of this area, near the center of the west line of 
sec. 16, the A zone is irr^ular in thickness and 
apparently contains a considerable amount of 
tar sand. Its irregularity in content and thick- 
ness is probably due to the faulting. 

B and Ozones. — Although the B and C zones 
are contoiired separately in the northeastern 
part of the area (see PI. HI), they really form 
a fairly continuous zone, the different contours 
being shown only in order that the relation 
between the sands in this area and the deep 
sands in the area to the northeast may be 
brought out more clearly. The top of the B 
zone lies about 400 feet below the top of the A 
zone, but the distance varies somewhat, the 
two zones being closer in the southwestern part 
of the area than in the northeastern part. The 
maximum total thickness of the combined B and 
C zones is perhaps 400 feet. The logs of some of 
the wells report a continuous succession of beds 
containing oil and gas, but most of them record 
separate thin oil sands, 10 or 20 feet thick, with 
a few 50 feet thick, interstratified with barren 
shale. The beds reported to be oil bearing 
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usually form less than 40 per cent of the whole 
zone. For the most part the upper beds in 
this zone — ^that is, those which would be cor- 
related with the B zone — do not appear to con- 
tain much oU, and several of the wells, espe- 
cially those in the eastern part of the area, have 
been drilled through them without finding oil. 
This area lies at the north end of the belt that 
extends northwestward from Spellacy Hill 
through the outer foothills, in which the Bzone 
contains very little oil or is barren. This bar- 
renness is believed to be due largely to the fine 
grain of the beds that compose the B zone in 
this part of the field. The combined B and C 
zones are wedged out rather sharply by the im- 
conformity, and it is probable that they do not 
imderUe much of the territory lying west of the 
area where they are contoured on the map 
(H. III). 

Oil sands in the Maricopa shaZe. — ^A consid- 
erable number of wells have been drilled below 
the productive sands in the McKittrick group. 
According to reports, some of them have found 
oil in the underlying Maricopa shale, and a few 
have made a definite production from these 
sands. It is not possible to recognize any reg- 
ularity in the distribution of these sands, and 
it seems certain that they are lenticular masses 
in the Maricopa shale which have no very great 
areal extent. The lenses that have so far 
yielded conmiercial amounts of oil are located 
along the axial part of the Midway anticline. 

Grain. — The productive sands range in char- 
acter from coarse gravelly sand in which the 
fragments are as much as a quarter of an inch 
in diameter and possibly even some larger down 
to fine clays. In places the sands are composed 
chiefly of shale pebbles embedded in a mass of 
clay, but wells encoimtering "sand" of this 
type yield a very small production and many 
of them have been abandoned. Some of the 
sands in the Maricopa shale are remarkably 
even grained granitic sands composed of frag- 
ments 1 or 2 millimeters in diameter. 

WATER SANDS. 

Top water. — ^Top water is rather troublesome 
in the northern part of the area, in the N. i 
sec. 8, being especially so in the wells that de- 
pend on the A zone for their production. As 
has been described in the discussion of the A 
zone, the productive sand here is overlain by a 
zone of oil, tar, and water sands 300 feet thick. 



The water encoimtered is distinctly a sulphtir 
water and in at least one well has yielded a con- 
siderable flow.^ These water sands are re- 
ported to occur within 50 or 80 feet of the top 
of the A zone. A somewhat similar condition 
prevaib near the center of the west line of sec. 
16, although the water sands there do not seem 
to be so abundant nor so troublesome as in the 
N. i sec. 8. They are reported, however, to 
occur as low as 50 feet above the top of the A 
zone. 

Edge water. — ^The A zone contains edge 
water in the outer part of the area in which it is 
contoured on Plate III, edge water appearing 
not only in the uppermost part but also practi- 
cally in the central part of the zone. In a belt 
that extends through the N. i sec. 16, the south- 
western part of sec. 9, and the N. ^ sec. 8 edge 
water will probably prove troublesome in the 
A zone. East of this belt the edge water in the 
A zone may be considered as top water for the 
B and C zones. There, however, water sands 
occur very low in the A zone, and water should 
be shut off a short distance above the top of 
the B zone. Nowhere in this area does the B 
zone appear to contain water. 

Bottom water. — ^In the western part of the 
area — that is, in the area where the A zone fur- 
nishes the oil — ^many wells have encoimtered 
bottom water below the productive zone, at 
various horizons in the Maricopa shale.' 

CHARACTER OF THE OIL. 

The A zone yields oil that ranges in gravity 
from about 12.2^ to 17.9^ Baum6 and averages 
between 13® and 14°. The B and C zones yield 
oil that ranges from 18.5° to 23° and averages 
a little lighter than 21°. One well, in sec. 8, 
gives 18° oil from the deeper zones, but it is 
close to a deep well that got bottom water. 

PRODUCTION. 

No well in this area ever had a very large 
daily production, and although some wells at 
first yielded 200 to 400 barrels daily, most of 
them have yielded less than 100 barrels. The 
average production in 1914 was between 15 and 
20 barrels per well per day. Although the oil 
sands are relatively dose to the surface near 
the northeast comer of sec. 17, the wells there 
have produced about as much oil as any of the 

» See analysis 35, Table 30, Part II (Prof. Paper 117). 
* See analyses, Table 24, Part II (Prof. Paper 117). 
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wells elsewhere within the area, and this de- 
'tsrease in production is rather less than that of 
the wells which draw their oil from the sand 
where it is more deeply buried. 

SUGGESTIONS FOB FUTUBE WOBK. 

In the area in which onl j the A zone is con- 
toured on Plate HE small wells will prove therule 
from now on, for the gas pressure, which caused 
some of the weDs to give a considerable produc- 
tion originally, has now been greatly reduced, and 
it is to be expected that the production of the new 
wells will be approximately the same as the 
present production of the old wells. Deep 
driUing in this part of the field, except possibly 
along the axial part of the Midway anticline, 
win probably not prove profitable, for although 
the Maricopa shale evidently contains some 
lenses saturated with oil, these lenses are so 
irregularly distributed that prospecting for 
them will be very costly and the percentage of 
failure large. Moreover, these lenses do not 
seem to contain very much oil, certainly not in 
amount at all comparable with that in the 
McKittrick group. 

Top wat^r is troublesome in this area, being 
especially so in the northern part of sec. 8, and 
should be shut off by setting the casing only a 
short distance above the top of the A zone. 
Along the outer margin of the area where the 
A zone is contoured edge water appears in that 
zone. 

In the area which lies east of a line drawn 
from a point near the center of the north line of 
sec. 8 to one a little south of the southwest 
comer of the Traffic property and thence south- 
eastward to a point somewhere between North 
American wells Nos. 67 and 71 in sec. 16 sands 
in the B and C zones yield the oil produced, 
and the A zone either is dry, is filled with water, 
or contains tarry oil or asphalt. In order to 
protect tlie B and C zones from the water in the 
A zone the water string should be set only a 
short distance above the top of the B zone. 

The B and C zones have been drilled com- 
pletely through in only a single well. This 
well shows that the combined zones are proba- 
bly not much more than 350 feet thick and that 
bdow them the Maricopa shale is of about the 
same character as it is near the Midway anti- 
cline. It is therefore probable that wells 
drilled deep^ than 350 feet below the top of 
the B zone will not yield much oil in the eastern 



part of the area. Bottom water does not 
seem to underlie the C zone very closely, how- 
ever, although it was encountered in the Mari- 
copa shale in the deep well just mentioned. 

LOCXWOOD-TALABA ABXA. 

[Southwest comer of sec. 14; SW. }, NW. i, and all of S. i 
except the northeast comer sec. 15; SB. i sec. 16; NE. i 
sec. 21; all of sec. 22; all but northeast comer of sec. 23; 
SW. iand S. i NW. i sec. 24; and northeast edge of 
sec. 27, T. 32 S., R. 23 E.] 

LOOATION AND OPEBATOBS. 

The Lockwood-Talara area occupies a belt 
about li miles wide on the outer edge of the 
foothills of the main Temblor Eange southwest 
of Taft and embraces the north end of the 
Twenty-five Hill field. It is bounded on the 
southwest by the topographic depression that 
lies on the southwest side of Spellacy Hill 
(Twenty-five Hill) and on the northeast by the 
edge of Midway Valley. The companies oper- 
ating or holding land here in 1916 were the 
Visalia Nonassessable, North American (Oska- 
loosa, sec. 16, and Lockwood), Marion, General 
Petroleum (Foxtail, Sybyl, and B. A. T.), 
Brad, Oleum, Jade, Chanslor-Canfield Midway 
Oil, Union (Alvarado), Fairbanks, Burk, Com- 
bination Midway, Wilbert, Buena Fe (Amador 
Usona, Alpine, Amador West 40, Amazon, and 
Mountain Girl), Indian & Colonial, Producers 
Guaranteed, Griffith, Enob Hill, Babcock, 
Palmer Union, Traders, Cheney Stimson, and 
Jamison (Talara). 

OEOLOOY. 

The general geologic features in this region 
are identical with those in sees. 25 and 26, 
just to the southeast, and the productive zone 
in the two areas is practically the same. The 
two areas differ, however, in that in the north- 
em one, here under discussion, the productive 
sands in the McKittrick group are virtually 
restricted to the northeastern flank of the 
Spellacy Hill anticline, whereas in the southern 
area the McKittrick sands are productive both 
on the northeast and on the southwest flank 
of that fold. • On this accoimt the two areas 
are described separately. 

The dominant structural feature here is the 
Spellacy Hill anticline, which trends in a 
southeastward direction through the central 
part of the area. Southwest of the axis of this 
fold is the shallow and irregular syncline that 
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determines the topographic depression in the 
northeastern part of sec. 27, the southwestern 
part of sec. 22, and the northeastern part of 
sec. 21, on the southwest side of Spellacy Hill. 
Farther southwest, beyond the axis of this 
trough, rises the higher part of the Temblor 
Range, in which are exposed the older Tertiary 
formations that lie below the beds that have 
yielded oil in the Midway field. The Spellacy 
Hill anticline is a.well-maiked fold that ex- 
tends from the southwe3t comer of sec. 16, 
T. 32 S., R. 23 E., to the wa^tern part of 
sec. 30, T. 32 S., R. 24 E. Near the northwest 
end the fold is broken by a considerable number 
of minor faults, and its lelation to the Midway 
anticline, which lies to the north, is not clearly 
shown. It is probable, however, that the two 
folds overlap in a manner similai* to that shown 
by the small folds in this general region, 
although possibly the Spellacy Hill anticline is 
really joined to the Midway anticline by an 
arch that trends north through the eastern 
part of sec. 17 and the western part of sec. 16. 
The faults that affect the beds near the south- 
west comer of sec. 16 are probably not deep 
nor of great throw, but they have so broken the 
beds that the oil occurs in an irregular zone. 

The Spellacy HiQ anticline is slightly asym- 
metric. The southwest flank is short, for in 
most places the axis of the adjoining syndine 
lies only about a quarter of a mile from the 
axis of the anticline, and the dips here decrease 
abruptly from a maximum of about 25^ near 
the axis of the anticline. The northeast flank 
is longer and the dips on that side decrease less 
abruptly. Near the axis of the anticline the 
beds are tUted to angles of 25° or 30°, but at 
the edge of the hills, about three-quaiters of a 
mile northeast of the axis, the dip is about 15°. 
Farther northeast the beds are not exposed, 
but the attitude of the oil sands, as inferred 
from the well records^ sjiows that the dip de- 
creases rather abruptly here, the beds assuming 
the very low dip characteristic of them beneath 
other parts of the valley. In the foothills the 
attitude of the beds near the surface is not 
exactly like that of the underlying oil sands, 
for in general the oil sands here, as in other 
parts of the area along the foothills of the main 
range, appear to be less steeply tilted than the 
surface rocks. 

The syncline southwest of the Spellacy anti- 
cline is not regular but is broken into two parts 
by a small anticlinal fold near the northeast 



comer of sec. 27. This interruption is minor, 
however, and the two parts may really be con*« 
sidered a single trough. 

The siuiace rocks here all belong to the 
McEittrick group, except in the center of sec. 22 
and in an irregular strip along the south- 
western edge of the area, in which the soft 
diatomaceous shale of the underlying Maricopa 
shale is exposed. It is difficult to determine 
whether the lower part of the McKittrick, 
which crops out here, is Etchegoin or Paso 
Robles. The Paso Robles formation certainly 
crops out near the -centex of the north line of 
sec. 22, for fresh-water fossils were collected 
there, but between that point and the outcrop 
of the diatomaceous shale of the Maricopa 
nothing was found in the arkosic sands, gravel, 
and clay which crop out along the creek that 
would aid in determining the formation to 
which they belong. 

Except at the northwest end of the Spdlacj 
anticline, near the southwest comer of sec. 16, 
the area seems to be free from faults. The 
irregularity in the distribution of the oil sands 
in parts of this area has been thought by many 
persons to be due to faulting, but this irregular- 
ity is really caused chiefly by the lenticular 
bedding and by the fact that the oil sands that 
are productive along the axial part of the 
Spellacy Hill anticline are not productive for 
more tJian a very short distance down the 
north flank of the fold, for on this flank a sand 
wedges in below the sand that ia productive 
along the Spellacy Hill anticline and above the 
top of the Maricopa shale, and it is this sand 
that furnishes the oil. 

OIL SANDS. 

The productive sands in this area are those 
embraced in the A and B zones, the deep C 
zone not being present. 

The A zone is by far the more important, for 
from it comes the oU that is obtained in the 
area that extends along the axial part of the 
Spellacy Hill anticline and for a distance of 
about half a mile down the northeast flank of 
that fold. 

The B zone furnishes the oil produced in the 
southwestern part of sec. 15, the northeastern 
part of sec. 22, the northeastern part of sec. 23, 
and the southwestern part of sec. 24. In these 
areas the A zone is productive in places, but 
the main yield comes from the lower sands. 
On the map the B zone is contoured well into 
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the central part of sec. 22, but in this section 
it really forms with the overlying A zone a 
thick succession of oil sands and barren strata 
that are not readily divisible into definite 
parts. 

A zone. — ^In the extreme northern part of 
this area (sec. 16) the A zone averages about 
200 to 250 feet in thickness, and in most of the 
well logs fully half of this thickness is recorded 
as oil sand. 

In sec. 21 the productive zone has a maxi- 
mum thickness of almost 700 feet, of which 
usually half or more is recorded as oil sand. 
The upper 200 to 250 feet is probably in the 
McKittrick group; the lower part is almost 
certainly in the Maricopa shale. 

In the northwestern part of sec. 22 the pro- 
ductive zone seems to be less than 300 feet 
thick, and usually at this depth below the top 
of the A zone water is encountered. Many of 
the wells penetrate only 150 to 200 feet of 
strata in this zone. In the central part of sec. 
22 the water that is encountered near the 
NW. i sec. 22 is not recorded, and a few of 
the wells here have been drilled as much as 500 
feet below the top of the A zone without 
encoimtering water. The logs of these wells 
record oil sands through a thickness of 300 to 
350 feet, and man; of them record at least 70 
per cent of this thickness as oil sand. 

In the NE. \ sec. 22 the maximum thickness 
of the productive zone is about 300 feet. The 
productive zone h^re commences to show a 
considerably greater amoimt of interstratified 
barren clay than is shown nearer the axis of the 
Spellacy Hill anticline. In the southwest cor- 
ner of the section the same condition prevails 
as in the NW. i, but farther east edge water 
appears in the A zone. 

In the SE. \ sec. 22 the productive zone is' 
somewhat thicker than it is in the NE. |, 
probably because the lower measures lie in the 
Maricopa shale and not because the McKittrick 
group is thicker here. 

In the southeast comer of sec. 23 the con- 
ditions are much the same as in the SE. i sec. 
22. The A zone here has a maximum thick- 
ness of about 400 feet. The upper 100 to 150 
feet near the axis of the anticline in the ex- 
treme southwest comer is in places called tar 
sand. The productive zone is progressively 
thinner northward, and near the north line of 
the quarter section it contains only about 1 50 
feet of beds. This thinning is probably a 



thinning at the top and not at the bottom — 
that is, the top of the zone containing oil does 
not mark a stratigraphic plane but a plane that 
toward the north cuts lower and lower into the 
stratigraphic section. 

B zone, — ^In the northeastern part of sec. 23 
and the southwest comer of sec. 24 the pro- 
ductive zone splits up into distinct oil sands 
which are separated from one another either 
by barren strata or by sands containing water. 
In the eastern edge of the area just outlined 
the total thickness of the productive zone is 
approximately 700 feet, of which the upper 300 
feet forms the A zone and consists of altemat- 

 

^ng oil sands, water sands, tar sands, and barren 
strata. Below this comes the B zone, which 
has yielded the oil obtained here. The B zone 
is approximately 200 feet thick near the south- 
west comer of sec. 24 but reaches a maximimi 
of about 400 feet near the center of the section. 
Only about 25 per cent of this thickness, how- 
ever, is labeled oil sand in the drill records. 

The B zone appears to be rather fine grained 
in most of the area and not to contain very 
much oil, and wells in the part of the area that 
is dependent upon this sand for its oil have not 
been large producers. The belt in which this 
condition prevails is about a mile in width and 
extends along the east flank of Spellacy Hill 
(Twenty-five Hill) from the vicinity of the 
north line of sec. 25, T. 32 S., R. 23 E., north- 
ward at least as far as sec. 9 of the same 
township. 

Throughout the part of the area in which it 
is contoured on the map (PI. Ill) the B zone is 
usually at least 250 feet thick. 

Grain of the oil sand. — The sands contained 
in the zone are variable in grain; some of the 
beds contain cobbles and boulders several 
inches in diameter, but most of them consist of 
medium to fine grained sand. 

The B zone is very fine grained in places, 
notably in the central and southeastern parts 
of sec. 23, where it is called ''shale" in the 
drill records and the oil is said to be ''shale 
oU." 

The difference in character between the pro- 
ductive sands along this northeastern pext 
of the area (the B zone) and the productive 
sands along the axial part of the anticline (the 
A zone) has been noted by the drillers and 
explained by them as due to a faidt which 
trends northwest a little northeast of the ciest 
of the hiU. There appears to be no necessity 
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for assuming the presence of such a fault, and 
there is no direct evidence of its existence. 

WATER SANDS. 

Top water. — True top water is not trouble- 
some anywhere in this area. Along the axial 
part of the anticline the only top water re- 
ported is purely surface water occurring within 
a short distance of the surface. 

Edge vxiter. — The chief trouble with so-called 
top water is concerned with what is really edge 
water in the A zone. Water is encoimtered in 
this zone in the southern part of sec. 15 (below 
the true top water just noted), in the northern 
and southeastern parts of sec. 23, and the south- 
western part of sec. 24. In sees. 23 and 24 the 
A zone is composed of thin oil sands which 




FioxTBX 14.— Diagram showing possible explanation for oocurrenoe of water in the B lone in 
the northwestern part of sec 15^ T. 32 8., R. 23 £. Arrows indicate direction of movement 
of edge water. 

contain heavy oil -and which in many weU logs 
are recorded as tar sands, together with water 
sands and interstratified barren clays. The 
lowest water sand recorded here lies about 80 
feet above the top of the B zone. There is 
hardly a well in this area that does not record 
water in the A zone. It seems very doubtful 
whether the A zone will prove or has proved 
productive much farther east than the line 
marked by the + 400-foot contour on this sand. 
(See PI. III.) 

Bottom water. — ^A persistent water * sand 
underlies the productive oil sands in the central 
part of the area, in a belt marked roughly on 
the southwest by a line drawn between the 
center of the W. i NW. J sec. 22 and the north- 
east comer of the Cheney-Stimson property and 
on the northeast by an approximately parallel 
line drawn through the center of the south line 

> See analyses, Tables 24 and 25, Fart U (Prof. Paper 117). 



of the SW. J sec. 15. Southwest of this belt 
water does not occur dose below the produc- 
tive sands, and wells have been drilled several 
himdred feet into the imderlying shale without 
encountering water. The top of this "bottom- 
water sand," or zone containing water sands, 
lies between 250 and 400 feet beneath the top 
of the A zone, the thickness of strata separating 
them being dependent upon the position in the 
area. Thus, near the center of the north line 
of the NW. I sec. 22 the top of the ''bottom- 
water sand" and the top of the A zone are 
some 275 feet apart, whereas in the SE. i sec. 
22 they are between 330 and 400 feet apart. 
Near the southeast comer of sec. 16 the bottom 
water is hardly 250 feet below the top of the A 
zone and seems to occupy practically the posi- 
* tion of the top of the B zone. 

The most reasonable explana- 
tion of this occurrence is that 
water from a sand in the Mari- 
copa shale has worked its way 
out of the truncated beds of 
that formation along the plane 
of unconformity into the over- 
lying oil-bearing beds of the 
McEittrick group. It is 
probable that wells a short 
distance northeast of this 
locality which rely upon the B 
zone for their production will 
be troubled by water in a 
rather peculiar manner — ^that 
is, edge water will work down the dip from the 
southwest as well as up the dip from the 
northeast. This condition of affairs is shown 
diagrammatically in figure 14. 

In places this sand affords an extremely 
strong flow of water, and it is said that from 
one well more than 6,000 barrels of water a day 
was lifted without making any impression upon 
the water level. At present, however, a con- 
siderable nimiber of the wells are raising oil 
and water with air lifts, and it is said that a 
very considerable lowering of water level is 
observable. 

The belt beneath which bottom water 
occurs closely below the productive zone con- 
tinues both northwestward and southeastward 
beyond the limits of the area here described, 
but the water sand is probably more trouble- 
some here than in the neighboring areas. The 
approximate position of the top of the water- 
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bearing zone is shown hj the sketch contours 
on Plate XXXVIH. 

BEDS ABOVE THE A ZONE. 

In the northwest end of this area a tar zone, 
about 150 to 200 feet thick, rests inunediately 
upon the A zone. In a few of the wells stray 
tar sands are recorded within a few feet of the 
surface, but on the whole the chief tar seems 
to extend less than 200 feet above the top of the 
A zone. This general condition prevails in 
sees. 16, 21, and 22. In the southeast end of 
the area, in the SE. i sec. 23 and the south- 
west comer of sec. 24, the tar sands occur in 
thin streaks scattered through the beds for a 
distance of several hundred feet above the A 
zone. In this part of the area the A zone 
really takes the place of the tar zone resting 
upon the productive sand — that is, the B zone. 

BEDS BEIX)W THE PBODUCTrVE ZONE. 

Along the axial part of the Spellacy TTill 
anticline the deep wdls entering the Maricopa 
shale have found that sandy lenses in tibe 
upper part of that formation contain oil, and 
also that the deeper sands usually contain 
water, but that water does not seem to lie 
close to the base of the A zone anywhere in 
this part of the Twenty-five TTiU field. The 
Maricopa shale here seems to be composed 
chiefly of brownish shale, doubtless diatoma- 
ceous shale, with some beds of sand, a few 
beds of boulders or cobbles, and also some 
limestone shells. In the east end of the area 
the Maricopa shale is recorded as chiefly brown 
sand, with relatively little shale. This differ- 
ence in the records may be due simply to the 
fact that they were made by different drillers, 
but it is so marked that probably the Maricopa 
shale here is really much more sandy. More- 
over, the Maricopa shale in the east end of the 
area contains much more water than it does 
close to the axis of the Spellacy Hill anticline. 

OHABACTEB OF THE OIL. 

A zone. — Oil in the A zone ranges in gravity 
from about 12^ to 15^ Baum6; the average of 
the oil produced in 1914 ran about 13.5°. The 
original oil, although somewhat lighter, was 
rarely lighter than 15° Baum6. The increase 
in the specific gravity (decrease in degrees 
Baum6) is doubtless due in part to the de- 
crease in the quantity of gas in this area, but 
it is also due in part to the infiltration of 
bottom water. 



B zone. — ^In the southeast end of the area 
the B zone yields oil between 17° and .20° 
Baum6, or possibly as light as 23° Baum6; the 
average is a little less than 20° Baum6. To the 
fine grain of the beds here is probably in a meas- 
ure due the light gravity of the oil as contrasted 
with the heavier gravity in the A zone, but' 
the greater thickness of the cover is also one 
cause. 

In sec. 15 the B zone has yielded oil that 
ranges in gravity between 14° and 16.5° 
Baum6 and averages 15°. This oil is some- 
what heavier than that in the B zone in sees. 
23 and 24, and it is possible that some of the 
wells may derive a part of their oil from the A 
zone and the product thus not be character- 
istic of the B zone. However, water sand 
underlies the B zone very closely here and the 
nearness of the water may account for the 
greater specific gravity. 

PRODUCTION. 

Along the axial part of the Spellacy Hill anti- 
dine the A zone originally contained oil under 
considerable pressure, and many of the wdls 
first drilled had an initial production between 
200 and 400 barrels daily, but the field is now 
SO thickly drilled that in most of the wells the 
pressure is practically negligible and in 1914 the 
average daily production per well was be- 
tween 30 and 40 barrels. 

No well in this area produced from the C 
zone alone, although some of the wells in the 
very eastern edge may have obtained part of 
their oil from this deeper zone. 

In the southeastern part of sec. 23 and the 
southwestern part of sec. 24 the weUs were 
mainly small producers, although one or two 
have had an initial production of 200 or 300 
barrels daily. These larger wells evidently 
produced from small lenses of sand inclosed in 
the sandy shale. Most of the wells here get 
their oil from fine sandy shale characteristic 
of the B zone, and, although small producers, 
they show a rather slow rate of decrease. 

SUGGESTIONS FOB FUTUBE WORK. 

The area near the axis of the Spellacy HiU 
anticline is practically drilled up so far as oil 
sands in the McEIittrick group are concerned. 
The wells farther southwest — that is, southwest 
of the wells now producing but still on the north 
flank of the Spellacy Hill anticline — ^will prob- 
ably obtain very little if any oil in the A zone. 
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Wells drilled on the southwest side of the axis 
of the anticline will probably find that zone en- 
tirely dry of oil. New wells drilled in the cen- 
tral part of the area will doubtless have an 
initial production practically equal to the 
present yield of the wells now producing in the 
immediate neighborhood. 

In the outer or northeastern edge of the area 
in which the A zone is contoured that zone 
contains water and probably will not yield 
much if any oil. The exact position of the 
southwestern limit of the area beneath which 
edge water occurs in this zone varies from 
place to place, but it is outlined roughly by a 
line drawn southeastward from a point near 
the center of the north line of sec. 22 to the 
center of the east line of that section and thence 
to a point a short distance east of the center of 
the south line of sec. 23. 

The B zone, from which the production is to 
be expected in the northeastern part of the 
area, is rather fine grained and has so far 
proved very spotted. This zone does not ap- 
pear to be underlain very closely by water 
sand except in the southwestern part of the 
area in which it is contoured. It seems as if 
the sands of this zone here are truncated or 
rather wedge out at the unconformity, and 
water which has probably come from sands in 
the Maricopa shale has worked its way' into the 
top of the B zone. Thus there is here a pecul- 
iar condition of edge water working into that 
sand from the southwest, as well as the ordi- 
nary edge water which occupies the sand on the 
northeast. (See fig. 14.) This fact, together 
with the fact that the sands in the B zone are 
very fine grained, explains the presence of the 
barren belt that extends northwestward from 
the north end of Spellacy Hill, in sec. 24, to the 
vicinity of Midoil, in sec. 9. The fine grain of 
the beds and not the presence of water, how- 
ever, is probably the chief factor determining 
the lack of oil in this belt.^ 

The sands encoimtered in the lower parts of 
the deep weUs that have been drilled near the 
axial part of the Spellacy Hill anticline lie in 
the Maricopa shale. This formation, how- 
ever, does not appear to contain any consid- 

1 By flinmewB of grain is meant not the real idse of the grain but the 
relatlye size compared with the grain ofthe adjacent beds. Aaamatterof 
toct these barren beds along the flank ofthe Spellacy anticline are no finer 
than the rich oil sands in the Buena Vista Hills. There is this difference, 
however, that the oil sands in the Boena Vista Hills are sorrounded by 
beds of still finer grain, whereas the fine-grained beds that compose the B 
tone along the flank of the Spellacy anticline are adjacent to beds of 
much coarser grain in which the oil has, quite naturally, collected. 



erable quantity of oil except along the axis of 
the fold, and here only in its upper part. 
Deep drilling either here or elsewhere in this 
area for sands in this formation will probably 
not be found very profitable. Oil sands like 
those encoimtered by the deep wells of the 
J. M. S. and Califomi€kn Amalgamated com- 
panies are about the best that should be ex- 
pected from the Maricopa shale here. 

The chief water troubles of this area are 
those concerned with the water sand which 
underlies the A zone and into which so many 
wells in the axial part of the field have been 
drilled. The water from this sand has entered 
the overlying productive sand and has even 
flooded many of the weUs that have not been 
drilled deep enough themselves to encounter 
bottom water. A comparison of the depth of 
the wells in this part of the field with the sketch 
contours, shown on Plate XXXVIII, indicating 
the approximate position of this bottom water 
in sees. 22 and 23, is instructive. Any well 
that has been drilled below the depth at which, 
as indicated on this map, bottom water is to 
be expected should be critically examined, for 

if the well did not encounter bottom water 

« 

when it was drilled it is possible that water 
may make its appearance later. 

Much of the northeastern part of this area 
has virtually been condemned on accoimt of 
the dry holes scattered through it. It is prac- 
tically certain, however, that a very consider- 
able quantity of oil occurs here in the B zone; 
and that, although this sand is so fine grained 
that no large wells will be obtained here, with 
the increase in the price of oil this area will 
prove profitable groimd for prospecting more 
thoroughly. 

DUNLOP-SSCTION TWSNTT-FIVX ABEA. 

[AU of aec. 25 except the nortfaeaat comer; sec. 26; N£. { 
sec. 27; N. i sec. 35; N. } sec. 36, T. 32 S., R. 23 £.] 

LOCATION AND OPERATORS. 

The Dunlop-Section Twenty-five area includes 
the southern part of the Twenty-five Hill field, 
embracing the crest, the south flank, and a 
strip on the southwest side of Spellacy (Twenty- 
five) Hill. (See PI. XXXIX.) It was one of 
the first parts of the Midway field to be pros- 
pected and is now more thickly drilled than 
any other part of the field. The companies 
operating here in 1916 were the Opal, Safe, 
West Side, W. T. & M., B. H. C, Cresceus, 
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SUMP IN FOOTHILLS HLLED WITH OIL FROM MIOCENE NO. I WELL IN 1914. 
Note the old "hich-iiBler" miirli made by <iil of Lakeview No. 1 EUiher. «• sIkiitd in B, 



SUMP PILLKD WITH OIL FROM LA.KEVIEW NO. 1 GUSHER. OCTOBER, 1910. 
ATUtnicled by Ihrowjng a dun acnos a abarp fulch oerlh of Mancopa. rhole^raph by W. C- Mao 



DUKLOP-SECnON TWBNTY-FIVB AREA. 



129 



General Petroleum (Nevada Midway, Scrongo, 
and Banklme), Section Twenty-five CHI, Sea- 
board, ParafiSn, Princeton, Pierpont, T. W., 
Millie Francis, Tamalpais, Elkhom, Pozos, 
Mascot, Carbo, Wilbert, Dunlop, March, Cali- 
fomian Amalgamated, J. M. S., Malayan 
Crude, Union (Pebble), Victor, and North 
American (Mount Diablo). 

GEOLOOT. 

The chief structural feature here so far as 
the occurrence of oil is concerned is the Spel- 
lacy Hill anticline. This fold is the central 
one of the group of small folds that lies along 
the west side of Midway Valley and like all 
these small folds it trends somewhat obhquely 
to the course of the main range. It heads near 
the southwest comer of sec. 16 and extends 
almost due southeastward for about 3 miles to a 
point near the center of the east line of sec. 26, 
where it changes to a more easterly trend and 
continues through the central part of sec. 25, 
T. 32 S., R. 23 E., into sec. 30, T, 32 S., R. 
24 E. East of the center of sec. 25 the fold 
plunges rather abruptly, and it dies out 
in the central part of sec. 30. The true form 
of the east end of the fold is not very well 
shown in the outcrops. The axis of the main 
fold may be traced at the surface as far south- 
eastward as.the center of the NW. ^ sec. 26, but 
from that point eastward it is difficult or even 
impossible to recognize a southward dip in the 
outcropping beds anywhere in the south-central 
part of sec. 26 or the southern part of sec. 25. 
The structure of the productive zone shows, 
however, that the axis of the main fold trends 
almost directly eastward through the central 
part of sec. 25 and northeastward through sec. 
30. If the structure is viewed as a whole, the 
east, end of the fold may be considered a broad 
anticline which plunges fairly abruptly toward 
the east and whose axial part lies in the central 
part of sec. 25. Although the axis can not be 
traced in the surface outcrops it parallels 
approximately the syncUne that lies somewhat 
to the south. 

A small anticline may be traced in the out- 
crops from a point near the middle of the 
south line of sec. 25 eastward to a point about 
a quarter of a mile south of the northeast 
comer of sec. 36, east of which the effect of 
this small fold can not be recognized at the 
surface; but a small topographic rise in the 

109288'— 19 ^9 



northeast comer of sec. 31 suggests that it 
continues approximately that far. This fold 
is, however, but a minor feature on the .south 
flank of the main Spellacy Hill anticline, for 
it can not be traced into a connection with 
the main fold near the northwest comer of 
sec. 26. So far as its effect on the oil sands 
is concerned it may safely be disregarded. 
The near approach of the syncline, which is 
here really a major structural feature, to the 
small anticline shows the minor importance of 
the anticline. 

On the north flank of the Spellacy Hill anti- 
cline the dips are regular and vary between 10^ 
and 15^. In sec. 26 the axis of the syncline 
which separates the Spellacy anticline from 
the main range lies more than half a mile 
to the southwest, and in this section the dips 
are fairly low and regular from the axis of the 
anticline southwestward to the axis of the 
sjncline. Near the southwest comer of sec. 
25, where the axis of the syncline swings 
rather abruptly to an easterly trend and 
toward the east approaches more and more 
closely the axis of tiie small anticline described 
above, the dips are somewhat irregular and 
in places as much as 30^. The syncline is a 
fairly sharp fold, for the beds tiun abruptly 
and only a few hundred feet west of the syn- 
clinal axis are tilted to angles of 30^ or more. 

The surface rocks in this area are in the 
McKittrick group and probably entirely in 
the Paso Robles formation except for the beds 
that crop out in a narrow belt in the southern 
part of the N. } sec. 35 fjxd in the southern 
part of the N. i sec. 36. In this belt the beds 
are believed to be in the Etchegoin formation. 
The approximate line of separation between 
the Etchegoin and Paso Robles is indicated on 
the geologic map (PL II). 

Many of the operators working in this part 
of the field believe that the beds are much 
broken by faults, and that one particularly 
large northwestward-trending fault lies Just 
northeast of the crest of Twenty-five (Spellacy) 
Hill. They point out, in support of the idea 
of the existence of such a fault, (1) that south- 
west of the line along which this fault is 
supposed to pass the oil sands are coarse 
grained and thick, but northeast of it the sands 
are uniformly fine grained, thin, and irregular, 
and (2) that the oil sands on opposite sides of 
this line do not appear to be connected. The 
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true explanation for these differences is that 
the line marks not the position of a fault but 
the position of the northeastern edge of the 
area beneath which the A zone is productive. 
Southwest of this line are the coarse-grained 
producing sands of the A zone; northeast of 
it are the fine-grained sands in the strati- 
graphicaUy lower B zone. 

The presence of the deep sand that furnishes 
the oil in the J. M. S. and Califomian Amal- 
gamated properties in sec. 26 is also explained 
by a fault which, it is supposed, has dropped 
the main productive zone several hundred feet. 
This hypothesis is clearly erroneous, for the 
main zone heice is represented by tar sands 
which occur in quite their normal position and 
are encountered in the upper parts of the wells 
of the J. M. S. and Califomian Amalgamated 
companies. The sands from which these wells 
derive their oil is evidently a lens in the 
Maricopa shale. 

OIL SANDS. 

Position. — ^The chief productive sands lie in 
the basal part of the McKittrick group mainly 
in the Etchegoin formation, although it is pos- 
sible that in places the basal part of the Paso 
Robles formation may be productive. It is 
probable that near the crest of the anticline the 
uppermost part of the Maricopa shale is im- 
pregnated with oil and that the lower part of 
the main productive zone is in this formation. 
Also in places the coarse lenses in the Maricopa 
shale are impr^nated with oil, and such a lens 
yields the oil produced by the J. M. S. and Cali- 
fornia Amalgamated wells. 

Grain. — ^Part of the oil sands in the A zone 
are coarse grained, and in places they contain 
gravel and cobbles several inches in diameter. 
The B zone is finer grained, being particularly 
fine near the northwest comer of sec. 25, where 
it is usually recorded in the well logs as shale. 
It is probable that the B zone is uniformly fine 
grained in the eastern part of sec. 25, although 
the greater production from it here suggests 
that it is coarser grained than it is in sees. 22 
and 23. 

Zones. — ^In this area there are three main oil 
zones — (1) the A zone, which is the chief source 
of oil along the axial part of the anticline and 
indeed in all of this area except the northern 
and eastern parts of sec. 25 and a small area 
near the center of the W. \ sec. 26; (2) the B 
zone, which is separable from the A zone in the 
eastern edge of the area but which in the west- 



em part simply forms the lower portion of the 
thick productive zone; (3) irregular lenses in 
the Maricopa shale. The position of these 
lenses is not known except that of the one 
which yields the oil in the J. M. S. and Calif or- 
nian Amalgamated wells and which is here 
termed the J. M. S. sand. Its position is shown 
approximately by the contour lines on Plate 
XXXVIII. 

A arid B zones. — ^In the western part of the 
area the A zone is a thick succession of oil sands 
and tar sands with relatively small amounts of 
interstratified barren shale. In the NW. } 
sec. 26 the maximum thickness of this zone is 
500 feet. The upper part,- probably the upper 
half, is usually either nonproductive or yields a 
very little heavy oil and is in many of the well 
logs recorded as tar sand. In relatively few of 
the wells is the casing perforated for this upper 
part of the zone, but one or two of them that 
have been drilled less than 250 feet below the 
top of the A zone and therefore rely upon this 
part of the zone for their oil have yielded as 
much as 400 barrels a day initially. In general, 
however, most of the oil is found in the lower 
half of the A zone. 

In the eastern part of sec. 26 the A zone has 
a maximum thickness of a little more than 400 
feet near the crest of the anticline. Many of 
the wells have been drilled less than 150 feet 
below the top of the A zone, and these wells 
have yielded a very fair production. In the 
northeast comer of sec. 26 the A zone com- 
mences to thin out, and the upper part prob- 
ably contains edge water. Certainly the up- 
permost part is much less productive than it is 
somewhat closer to the axis of the anticline, 
and the zone itself is composed more lai^ely of 
barren shale. This area is really part of what 
is here called the ''transition belt" lying be- 
tween the area which is dependent upon the A 
zone for its oil and that which is dependent 
upon the B zone. In the SW, \ sec. 26 the A 
zone seems to be slightly thinner than it is near 
the axis of the anticline, the average thickness 
drilled through being about 200 feet, and to 
judge from the information afforded by the few 
deep wells here most of the wells seem to have 
been drilled almost if not quite to the bottom 
of the productive zone. 

The productive zone in the SW. \ sec. 25 lies 
entirely within the A zone, which has a maxi- 
mum thickness here of about 400 feet and is 
>apparently of much the same character as in 
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the S£L i see. 26. However, just north and 
east of this locality^ in the weatpcentral part of 
sec. 25, the A zone begins to fray out into a. 
number of individual sands separated by barren 
strata. The boundary of the belt in which the A 
zone, splits up may be outlined roughly on the 
west by the 400-foot contour on the top of the A 
zone (PL III) and on the east by aline drawnfrom 
the northwest comer of sec. 25 to the middle of 
the east border of that section and thence to a 
point near the middle of the SE. i. East of 
this line the productive sands are in the B zone, 
and although the A zone contains some oil 
farther east, especially along the axial part of 
the anticline in the central part of sec. 30, it 
has nowhere yielded oil in conmiercial amounts. 
The B zone is apparently about 100 to 200 feet 
thick and seems to be closely underlain by 
water. 

J. M. 8. sand. — ^The J. M. S. sand, from 
which the wells of the J. M. S. and Calif omian 
Amalgamated companies derive their oil near 
the center of the W. \ sec. 26, is a sandy lens in 
the Maricopa shale. This lens has a small 
areal extent and is probably pretty well out- 
lined by the wells already drilled. Its top lies 
about 600. to 800 feet below the top of the A 
zone, and its thickness is reported as from 100 
to 200 feet in the wells that have entered it. 
The approximate position of the top of this 
sand is shown by the sketch contour lines on 
Plate XXXVIII. 

The sand seems to have a somewhat greater 
dip than is shown by the sands'of the overlying 
A zone. This difference may be truly a 
structural feature and represent the difference 
in the amoimt to which the Etchegoin fgrmar 
tion and the Maricopa shale are tilted, but 
more probably it simply shows the shape of the 
sandy lens that contains the pil. It is probable 
that other sandy lenses in the Maricopa shale 
are impr^nated with oil in various parts of the 
area, particularly along the axial part of the 
anticline. Their position can not be predicted 
in advance of drilling from conditions shown 
by other deep wells drilled along the foothills. 

WATER SANDS. 

Tap water. — In the NW. J and probably also 
in most of the SW. \ sec. 26 top water is either 
absent or else present in so small amounts as to 
be negligible. Many of the wells here, espe- 
cially those along the axial part of the anticline. 



have been driUed with only a single string of 
casing and have had no water trouble. 

In the £. \ sec. 26 water sands are scattered 
through the tar sands that rest upon the A 
zone. The records of these water sands are 
rather discordant, and no single sand or thin 
zone seems to persist throughout the area. 
Some water is reported as close as 50 feet to 
the top of the A zone. 

Edge water, — ^In a belt occupying the central 
part of sec. 25 and bounded approximately on 
the west by the 400-foot contour on the A 
zone and on the east by the sea-level contour on 
that same zone, the upper part of the A zone is 
occupied by true edge water,* the productive 
sands here being limited to the lower part of 
the A zone and to the underlying B zone. 
This edge water has proved especially trouble- 
some, for many of the weUs have been cased off 
above it and others below it, and in conse- 
quence the upper part of the productive zone 
here is flooded. Water sands' in this position 
have given more trouble than any other water 
sands on Spellacy (Twenty-five) Hill, being 
even more troublesome than the bottom water 
which has been encountered in one or two of 
the wells. 

Bottom water. — ^In the northeastern part of 
sec. 26 and the northwestern part of sec. 25 the 
same conditions exist as prevail in the SW. \ 
sec. 23 and the central part of sec. 22 — that is, 
the A zpne is closely underlain by a persistent 
water sand.' The approximate position of the 
top of this water sand is indicated on Plate 
XXXVIII. 

* 

In the northern part of sec. 26, along a line 
drawn from northwest to southeast through 
the center of the north hne of that section, this 
water sand lies between 350 and 400 feet below 
the top of the A zone, but northeastward from 
this line the distance between the two gradually 
increases. Southwestward from this line water 
sands do not so closely underlie the A zone, 
and those sands which have been encountered 
in the deep wells seem to occur well within the 
Maricopa shale. Such deep water sands have 
been encountered between the bottom of the 
A zone and the top of the J. M. S. sand, the 
water there being under considerable pressure. 
The chief water which is found closely below 
the A zone in the northern part of the section 

1 See analysis 16, Table 14, Part II (Prof. Paper 117). 

* For analysee see Tables 35 and 26, Part n (Prof. Paper 117). 



132 



THE SUNSET-MIDWAY OIL FIELD, CALIF. — ^PART I. 



may be regarded as edge water in the B zone, 
similar to that in sees. 22 and 23 — that is, edge 
water which is working into the B zone from the 
west. (See sketch, fig. 14, showing conditions 
in sec. 22, p. 126.) 

BEDS ABOVE THE PEODUCTIVE ZONE. 

In practically all of sec. 26 tar sands occur 
scattered through the strata above the A zone, 
ahnost if not quite to the surface. They reach 
the surface oi within a verv few feet of it in the 
northeast comer of the section; whereas in the 
SE. i they are about 600 feet thick and their 
top reaches within 300 feet of the surface. A 
sepiEuration between the A zone and the over- 
lying tar sands in the NW. i sec. 26 is very 
largely a matter of personal observation, and 
what Is recognized as the top of the productive 
zone by one driller ii not at all certain to be 
recognized by another driller who puts down a 
weU only a few himdred feet distant. The tar 
sands in this section are somewhat thicker and 
are said to be somewhat more filled with tar 
than are those in sec. 22. 

CHARACTER OF THE OIL. 

A zone. — In sec. 26 the A zone fmnishes an 
oil of rather uniform grade that ranges in grav- 
ity from 12.5° to 15** Baum6 and averages 14**. 
In any part of the area the heaviest oil from 
this zone is found in the uppermost sands. 
The gravity of the oil, however, shows a slight 
variation with the position in the area from 
which it is obtained, the oil close to the outcrop 
being somewhat heavier than that farthei from 
it. The southernmost wells drilled yield oil 
of about 12.5** Baum6. 

The variation in gravity shown by the oil 
from different wells in this area is caused for the 
most part by one or both of the following rea- 
sons: (1) All the weUs are not perforated for 
the same part of the productive zone; some 
produce from the uppermost heavy oil sands, 
and others are perforated only for the lower 
part of the zone, these upper sands being re- 
garded as tar sands. (2) Some of the wells 
produce a considerable amoimt of water, de- 
rived either from water sands they have pene- 
trated themselves or from oil sands that have 
been flooded by water from adjacent wells. 
Such *'wet'* wells invariably yield heavier oil 
than weUs drilled under similar conditions and 
yielding no water. 



In sec. 25 the cha«|icter of the oil is about the 
same as that descriiiid for sec. 26 except in the 
northern and easterMf^its of the section, where 
the oil is produced both from the A zone and 
from the underlying B zone. The 400-foot 
contour on the A zone may be considered as 
marking approximately the eastern limit of the 
area from which oil is produced only from the 
A zone. 

B z(me. — ^In the northern and eastern parts 
of sec. 25 — that is, the area boimded approxi- 
mately on the south and west by the 400-foot 
contour on the A zone — oil is produced from 
both the A zone and the B zone. The B zone 
yields the entire production in the northeast 
comer of the section, just outside the area here 
described, and also in several weDs between 
that comer and the 400-foot contour line men- 
tioned. The oil produced in this area ranges 
in gravity from 16** to 20** Baumfi. It is prob- 
able that the oil in the B zone itself has a 
gravity of approximately 20** Baum6 and that 
the heavier grades produced are mixtures of 
this oil with that from the A zone. 

J. M. S. sand,— The stray sand in the Mari- 
copa shale which yields the oil produced in the 
CflJifornian Amalgamated and J. M. S. prop- 
erties furnishes oil that ranges in gravity from 
13.5** to 14.5** Baum6. Other lenses in the 
Maricopa shale would probably furnish oil of 
similar character. 

PBODUCTION. 

A and B zones. — ^The initial production of 
many of the weUs that produce from the A 
zone in the western part of the area — that is, 
in the part lying west of the line marked ap- 
proximately by the 400-foot contoxu- on the 
A zone — ^was more than 150 barrels daily and 
in two wells was reported to be as great as 500 
barrels daily. The area is somewhat spotted, 
and a few wells never produced more than a 
very few barrels daily. However, these " dry " 
wells are few, and if they are disregarded the 
average initial production was probably be- 
tween 100 and 125 barrels daily. In 1914 the 
average production for the wells was about 40 
barrels daily. 

In the eastern part of the area — that is, the 
part boimded on the west by the 400-foot con- 
tour on the top of the A zone — the initial pro- 
duction was about the same as in the western 
part, but in 1914 the rate was between 50 and 
60 barrek a day. 
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A considerable number of wells flowed origi- 
naUy, but all were soon reduced to pumping. 
In places where the sand has become flooded 
with water air lifts are used, and several thou- 
sand barrels of water is lifted daily. Although 
usually only a few barrels of oil is recovered 
from the wells in which^ the air lift is placed, 
t&e water is so reduced in the surroimding area 
that wells which otherwise produce only water 
become fairly good producers of oil. 

J. M. S. sand. — ^The production from the 
lenses in the Maricopa shale in the west-central 
part of sec. 26 has been irregular. Some of 
Ihe wells were repo]:ted to have an initial pro- 
duction of about 350 barrels daily. The aver- 
age daily yield of the weUs producing in 1914 
was 40 barrels or less. 

SUGGESTIONS FOR FUTURE WORK. 

This area is about the most completely 
drilled part of the Midway field. Future drill- 
ing will be concerned chiefly in developing the 
A and B zones in the few remaining locations, 
for the whole of the productive zone in the 
McElittriek group has been prospected thor- 
oughly and most of the wells would be bene- 
fited but little by being deepened. The chief 
trouble here is concerned with the water that 
has been allowed to enter the producing sand 
owing to faulty handling of both top and 
bottom water. 

In sec. 26 water troubles are of three types. 
(1) A few wells in the northeast comer of the 
section have entered the water sand that lies 
below the A zone. So far as the whole area is 
concerned, however, the bottom water could 
doubtless be handled by plugging the few deep 
wells that have entered this water sand. The 
sand is a persistent one and is traceable toward 
the northwest some distance into sec. 22. (2) 
A few of the wells in the SE. ^ have encoun- 
tered top water. As the water sand is thin, 
however, and is usually separated from the 
productive zone by a considerable thickness of 
barren strata, and as the water in it is usually 
under low pressure, it is easily cased off. (3) 
The group of wells in the center of the W. i 
which derive their Qil from a lens in the Mari- 
copa shale pass before entering the productive 
oil lens through water sands that he in the 
upper part of the Maricopa shale, and as this 
water has not everywhere been shut off prop- 
erly it has flooded some dt the wells. 

In sec. 25 there are water troubles of two 
types — that concerned with the top water or 



with edge water in the top of the A zone and 
that concerned with bottom water. Top water 
or edge water are probably the more trouble- 
some and are especially prominent in the central 
part of sec. 25, in the ''transition belt." The 
top of the A zone is not very productive any- 
where in this area, is occupied by water in 
many places, and has been cased off with the 
over^g barren strata in some wells and with 
the productive zone in ' neighboring wells. 
Were the area to be drilled now for the first 
time it would probably be wise to case off both 
above and below this part of the A zone, but 
as the area is now so thoroughly drilled and the 
normal relations of oil and water have been so 
greatly changed, the present handling of the 
wells now must be determined by an intimate 
study of the history of all the weUs in the 
immediate vicinity, it being borne in mind that 
this top part of the A zone is occupied in places 
by water and that water which originally came 
from this sand is causing most of the trouble in 
this part of the hill. Bottom water, which has 
been encountered in one or two of the wells, is 
probably not very troublesome except in the 
northwest comer of the section. The approxi- 
mate position of the bottom water is shown by 
the sketch contour on Plate XXXVIII. 

ABBA BAST OF TWBNTT-FIVB HILL. 

[Southeast comer of sec. 12, east edge of sec. 13, east edge 
of sec. 24; northeast comer of sec. 25, T. 32 S., R. 23 E.; 
southwest comer of sec. 17, all but northeast comer of 
sec. 18, sees. 19 and 20, S. i sees. 21 and 22, sees: 26 to 
30, inclusive, N. } sees. 31 to 35, inclusive, T. 32 S., 
R. 24 E.] 

LOCATION AND OPERATORS. 

The area embracing the foothills east of 
Twenty-five Hill extends from the town of Taft 
southward about halfway to Maricopa along the 
west side of Midway Valley. The companies 
operating here in 1916 or controlling lands on 
which wells had been drilled prior to that time 
were the Standard, Kern Trading & Oil, 
Chanslor-Canfield Midway Oil, Section Twenty- 
five, American Oilfields, Ekimunds Midway, 
Knickerbocker, General Petroleum, Baltimore, 
Petroleum Syndicate, Pjnramid, Union, Lake- 
view No. 2, and Manitoba Crude. 

GEOLOGY. 

This area lies on the east end of the Spellacy 
anticline, which here plunges eastward at an 
angle of about 6°. The fold is here broad and 
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fairly symmetric, and although it can not be 
traced with any great degree of precision«in the 
beds that crop out, its position is fairly well 
indicated by the position of the rolling hiUs, 
for the fold does not extend much beyond their 
edge. The oil sands are apparently folded 
somewhat more sharply than the surface beds, 
and the structure may be interpreted readily 
from the logs of the wells. 

Although the Spellacy anticline is broad 
and symmetric, the syncline that separates the 
anticline from the main range is very asym- 
metric, the dip on the south flank being very 
steep in contrast to the moderate dip on the 
north flank — ^that is, the dip on the south flank 
of the Spellacy anticline. Indeed, the bending 
is so sharp that the beds may possibly be frac- 
tured along the line marked by the axis of the 
syncline. It is difficult to correlate the oil 
sands here, and although no regular difference in 
their elevation could be made out it is possible 
that the irregularity is caused by faulting. 

OIL SANDS. 

The oil sands in this area lie entirely in the 
Etchegoin formation. Several of the wells have 
been drilled deep enough to enter the underly- 
ing Maricopashale, but the records of these wells 
do not give enough information to permit an 
accurate determination of the position of the 
top of the shale. It is probable, however, that 
the chief producing sands — that is, those which 
Ue about 250 feet below the top of the B zone 
and from which the flowing wells in sec. 30 have 
derived their oil — are almost if not quite at the 
base of the Etchegoin. It is reported, however, 
that near the east edge of sec. 30 fossils pre- 
sumably indicative of the Etchegoin formation 
have been found 1,000 feet below the top of the 
B zone. 

The oil sands in the Etchegoin formation in 
this area extend through a stratigraphic thick- 
ness of at least 900 feet. No one well, however, 
reports commercial oil sands throughout so 
great a thickness of beds, for the beds that form 
the uppermost part of the productive zone in 
the western part of sec. 30 do not contain oil in 
the eastern part of the area. 

Near the west edge of sec. 30 the uppermost 
beds containing commercial amounts of oil lie 
some 400 feet above the top of the B zone. 

These beds are the equivalent of the A zone, 
which yields the oil in the central part of sec. 25, 
T. 32 S., R. 23 E. In most of the area the 



producing sands lie below the top of the B zone 
and it is from sands in the upper part of that 
zone that the wells in sec. 28 derive their oiL 

The C zone is contoured on Plate m only for 
the northern edge of this area. In the coitral 
and southern parts the uppermost sands con- 
taining commercial amounts of oil are clearly 
in the B zone, and although most of the large 
wells have derived their oil from beds 250 feet or 
so below the top of the B zone, still most of the 
wqUs depend upon the uppermost portion of the 
B zone for at least part of their oil. It would 
be possible in much of this area to contour 
separately the sand from which the big flowing 
wells derive their oil, but it is not thought de- 
sirable to do so, as the sand lies at a fairly con- 
stant distance of about 250 feet bekow the top 
of the B zone, and its position may be calcu- 
lated if the position of the top of the B zone is 
known. Contouring the C zone throughout 
this area would overload the map. 

WATER SANDS. 

Top vxMr. — ^Top water occurs fairly close 
to the top of the B zone in much of ihe area, 
being recorded as about 100 feet or so above 
the top of the B zone in many wells both on 
the north flank and particularly near the 
eastern edge of the fold in sec. 28. Many 
other water sands are recorded as occurring 
in the upper part of the section, but this 
lowest top-water sand is the really important 
one, for the water string must be set below it. 
In the v€iry western edge of the area, near 
the axis of the anticline, beds 400 feet above 
the top of the B zone contain some heavy oil. 
This ia the top of the A zone that is productive 
in the ai^a to the west. The water jtist men- 
tioned is properly to be considered as edge 
water in the A zone. The area here considered 
is so far down the plunge of the anticline that 
the A zone along the crest of Twenty-five Hill 
is in no danger of flooding if in the area under 
discussion all top water is shut off just above 
the top of the B zone. 

Bottom water. — ^In the north end of the area, 
east of Taft, bottom water lies about 100 to 
150 feet below the top of the C zone*^ 

One or two wells in the western edge of the 
area near the crest of the anticline report 
water approximately 250 to 300 feet below 
the top of the B zone — that is, at about the 
same distance below the top of the B zone as 

I See aniilyses in Tables 23 and 26, Part II (Prof. P^;>er 117). 
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the sands whicli have yielded the big flows 
of oil in the central part of sec. 30. The 
difference in the succession of the beds pene- 
trated by wells in the two parts of this section 
is striking. This difference is probably to be 
explained by the fact that in the center of 
sec. 30 the producing sands lie at the base 
of the Etchegoin formation, but that farther 
west these sands are wedged out along the 
unconformity and that water sands occupy 
either the beds of the Etchegoin or beds in 
the upper part of the Maricopa shale near the 
western edge of sec. 30. 

Down the plunge of the fold water is 
reported about 100 feet below the top of 
the B zone both along the axial part of the 
anticline and in its north flank.^ This water 
is apparently edge water in the B zone, for 
it lies above the horizon from which the 
flowing wells in the center of sec. 30 have 
derived their oil. It is probable that other 
oil sands lie below this water sand, although 
the single well that has been drilled in the 
east end of the area for any great distance 
below the water sand has not found conmier- 
cial oil sands at greater depth. 

BEDS ABOVE THE PRODUCTIVE ZONE. 

The beds above the B zone contain a great 
number of tar and water sands. There seems 
to be no r^ularity in the occurrence of these 
sands other than the fact that along the crest 
of the anticline they constitute a zone about 
200 feet thick that lies about 700 or 800 feet 
below the surface. This tar zone appears to 
have a constant relation to the surface rather 
than to the imderlying oil sands. 

BEDS BELOW THE PRODUCTIVE ZONE. 

Several wells have been drilled completely 
through the productive zone and have pene- 
trated the underlying Maricopa shale. No one 
of these weUs, however, affords sufficient data 
to indicate the exact position of the contact 
between the shale and the overlying Etchegoin 
formation. The lower beds penetrated by these 
wells are usually recorded as consisting largely 
of sandy shale or sand, the beds resembling 
much those penetrated by the deep wells in 
the western part of sec. 24, T. 32 S., R. 23 E. 
None of these wells has encountered cqpuner- 
cial amounts of oil in the shale. 

1 See analysis 49, Table 23, Part II (Prof. Paper 117). 



PBODUOTION. 

The production of the wells in this area 
varies greatly. The best wells are those of 
the Standard Oil Co. in the center of sec. 30, 
a few of which produced several thousand 
barrels daily when they were first brought in. 
Wells of the same company in the center of 
sec. 20 and the Edmunds Midway No. 1, in 
sec. 32, have likewise yielded large amoimts of 
oil. The area is somewhat spotted, however, 
and many of the wells have never produced 
more than 50 or 60 barrels — some no more 
than 20 barrels — a day. The variation in 
production seems to be caused by three chief 
factors — the position of the well with relation 
to the anticline, the relation of the oil sands 
it taps to the unconformity, and the lenticular 
character of the beds, the large wells usually 
being located along the axial part of the fold 
and the sands that yield the oil usually lying 
in the lower part of the Etchegoin formation 
close to the underlying diatomaceous Maricopa 
shale. 

CHABAGTEB OF THE OIL. 

The oil obtained ranges from about 15^ to 
26°. Baum6, but most of it nms about 20°. 
The deeper sands of the C zone do not appear 
to contain lighter oil than the sands in the 
upper part of the B zone, but there appears to 
be a variation in the gravity of the oil within 
a given sand according to its position in the 
area, for the B zone contains lighter oil in 
the eastern part of the area than in the west- 
em part, where it is not buried so deeply. 

SUOOESTIONS FOE FUTUKE WOBK. 

In all the area except possibly the north 
end, which lies near the axis of the Midway 
Valley syncline, and also the east end beyond 
the area where the B zone is contoured on 
Plate III, the B zone contains productive oil 
sands. In most of the area, however, the 
deeper oil sands usually contain more oil than 
the sands in the upper part of the B zone, and 
all the large flowing wells along the axial part 
of the anticline have derived their oil from 
sands 250 feet or so below the top of the B 
zone. West of the center of sec. 30, however, 
these deeper sands are wedged out along the 
unconformity at the base of the Etchegoin 
formation, and in that part of the area it is 
only from the upper part of the B zone that 
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oil should be expected. It is probable that 
farther down the plunge and down the north 
flank of the anticline than the edge of the 
area in which the B zone is contoured on 
Plate III — that is, where the top of the B 
zone lies more than 2,500 feet below sea level — 
much of the upper part of the B zone, pos- 
sibly all of it, is occupied by water. K pro- 
ducing sands occur in this part of the district 
they lie below the top of the C zone — that is, 
more than 250 feet below the top of the B 
zone. Wells drilled in sec. 28 have produced 
only from the top of the B zone, having stopped 
when a persistent water sand that occurs 
there was reached. It is probable that other 
producing oil sands lie below this water sand, 
and although one well has been drilled below 
it and has not encountered oil, further testing 
for deeper sands in this part of the area is 
justified. However, deep wells west of the 
center of sec. 30 can hope to obtain oil below 
the B zone only from lenses in the diatoma- 
ceous shale. 

In this area many wells have been sunk into 
the imderlying Maricopa shale, but none of 
them has found producing oil sands in it. 
The anticline here is a strong, well-marked 
fold and would appear to be as good a struc- 
tural feature as one could hope to find for the 
accumulation of oil. The fact that many of 
the wells that have entered the shale have 
not found oil sands in it is a good illustration 
of the risk attending drilling for lenses in the 
shale. 

SAaB-LAJOEVnW ABSA. 

[S. i aecB. 31 to 34, inclusive, southwest comer of Gsec. 3, 
T. 32 S., R. 24 E.; fractional sees. 25 and 26, eastern 
part of sec. 27, northeast comer of sec. 34, all but south- 
west comer of sec. 35, sec. 36, T. 12 N., R. 24 W.; sec. 
30, western part of sec. 31, T. 12 N., R. 23 W.; north- 
west comer of sec. 6, T. 11 N., R. 23 W.; north edge of 
sec.l,T.llN.,R.24W.] 

LOCATION AND OPERATOBS. 

The Sage-Lakeview area embraces the group 
of hills that hes just north of Maricopa^ extend- 
ing from the outskirts of that town northward 
to the north edge of the alluvial flat at the 
mouth of the large gulch that trends eastward 
past the old August water wells^ in sec. 31, 
T. 32 S., R. 23 E. (See geologic section, PI. 
XXVII, and map, PL XLIII.) The com- 
panics operating here in 1916 or claiming 
land upon which wells had been drilled prior 



to that date were the Midway Oil, Canadian 
Crude, August, Manhattan Midway, American 
Oilfields^ Kern Trading & Oil, Union, Lake- 
view No. 2, Ethel D, Maricopa National, and 
General Petroleum. 

GEOLOOT. 

This area embraces the west end of the 
Thirty-five anticUne, extending from the axis 
of the Phoenix syncline on the south to the 
axis of the sharp syncliae on the north which 
separates the Thirty-five and Spellacy anti- 
clines. In this part of the area the Thirty- 
five anticline plunges eastward at an angle of 
about 6°. The axial part of the anticline— 
that is, the belt in which the beds have a 
fairly low dip — ^is rather more narrow than 
the axial part of the Spellacy anticline, for it 
is barely half a mile across. Both the north 
and south edges of the axial part of the anticUne 
are fairly well outlined, for the dip of the beds 
increases rather abruptly and ^ on the north 
flank of the fold the oil sands dip at angles of 
20^ to 30^. The Thirty-five anticline is not 
quite symmetric, for the Phoenix syncline 
is much shallower than the syncline on the 
north. The Thirty-five anticline does not 
extend westward beyond the west edge of the 
area here described, but as is shown on the 
map of the field (PL III), the Phoenix syncUne 
and the Thirty-five anticline gradually ap- 
proach each other and die out on the north 
flank of the Califomia Fortune anticline. The 
steeply dipping beds in fractional sec. 27 are 
to be considered as forming the north flank 
of the Califomia Fortime anticline rather 
than the north flank of the Thirty-five anti- 
cline. 

OIL SANDS. 

The position of the oil sands is shown rather 
better in this part of the field than in most 
other parts. They lie in the lower part of 
the Etchegoin formation, and the sands which 
have yielded great quantities of oil in such 
weUs as Lake view J(o. 1 are practically at 
the base of this formation. Not all the flowing 
wells, however, have produced oil from sands 
at the base of the formation, for several wells 
near the north line of sec. 36, T. 12 N., R. 24 W., 
have obtained their oil from sands at the top 
of the B zone, fully 400 feet above the base 
of the Etchegoin. On account of the \mcon- 
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formity between the Etchegoin and the under- 
lying Maricopa shale these sands are wedged 
out and do not underlie the western part of 
the area along the axis of the Thirty-five anti- 
cline. The approximate position of the top of 
the shale is shown in the geologic section (PI. 
XXVII) Mid on the maps (PL XLIII and fig. 15). 

The productive sands may be divided into 
two groups — those in the Etchegoin and those 
in the undeirlying Maricopa shale. 

The total thickness of the oU sands in the 
Etchegoin formation is about 1,000 feet. No 
single welly however, has penetrated oil-bearing 
beds of this thickness, for on account of the 
imconf ormity at the base of the Etchegoin the 
deepest sands in the Etchegoin in the eastern 
part of the area, in sec. 81, are not present in 
the western part; also the uppermost sands 
which are productive in the western part of the 
area are dry or are occupied by water in the 
eastern part. 

The productive oU sands in the Etchegoin 
are here divided into two parts, which are 
described as the A and B zones. The A zone is 
productive in the western part of the area along 
the crest of the Thirty-five anticline, but the 
area in which this sand yields oil is limited 
rather closely to the axial part of the fold, and 
sands in this zone have not yielded oil in any 
considerable amounts outside of the area in 
which the top of this zone is contoured on 
Plate III. The top of this sand lies between 
300 and 400 feet above the top of the B zone. 

The B zone has its maximum thickness in 
the eastern part of the area. In the north- 
eastern part of sec. 31 it is about 700 feet thick 
and is composed of alternating oil and water 
sands, like the productive zone in sec. 32, T. 12 
N., R. 23 W. — ^in fact, the description of the 
zone in that section (pp. 140-142) applies equally 
well to the eastern part of sec. 31. The big 
water sand which lies 400 feet or so below the 
top of the B zone in sec. 32 continues west- 
ward into sec. 31, and its approximate position 
is shown on Plate XLIII. 

In the SW. \ sec. 36 the chief oil sands lie in 
the A zone, and the B zone is not more than 
100 feet thick, for the top of the diatomaceous 
shale is only that far below the top of the B 
zone. Most of the wells in this area depend 
on the A zone for their oil, although the big 
wells have derived most of their oil from the 
relatively thin B zone. 



WATER SANDS. 

Top water.— In the S. i sec. 36, T. 12 N., R, 
24 W., in the area in which the A zone is con- 
toured, water sands lie very close above the top 
of the A zone, having been encoimtered in 
many of the wells less than 100 feet and in 
some places less than 50 f det above the top of 
that zone. In many of the weUs part of the A 
zone has been cased off with the overlying 
water sands, for the sands in the upper part of 
the A zone in most of the area contain a very 
heavy oil, but water is not reported to occur 
below the top of the A zone in any well in the 
area where the top of this zone is contoured on 
Plate III. 

Edge water. — On the flanks of the Thirty- 
five anticline the A zone is occupied by water. 
The separation between the area in which the 
sands in this zone contain oil and that in which 
they c<)ntain water is fairly sharp and is marked 
by the line separating the axial part of the 
anticline, where the beds have a moderate dip, 
from the flank of the fold, where the beds are 
more steeply tilted. The logs of almost all the 
wells that have been drilled on the flank of the 
fold report water down almost to the top of 
the B zone, some of them recording sands that 
lie less than 100 feet above the top of the B 
zone as containing water imder coiisiderable 
pressure. Water from these sands is clearly 
edge water in the A zone, and as the oil is ex- 
hausted from that zone along the crest of the 
anticline water will work its way up the dip 
and appear in the wells near the axis of the 
fold. There has been no regularity in the 
handling of the wells on the north flaixk of the 
fold, particularly those along the line between 
sees. 35 and 36, some of the wells there having 
produced from the upper sands and some from 
the lower. In consequence water has been 
very troublesome in this part of the area. 

Bottom water. — In most of the western part 
of the area water occupies the upper part of the 
Maricopa shale, and wells that have entered 
that shale have foimd water sands at differ- 
ent positions below the top of the B zone. 
The distance these water sands lie below the 
top of the B zone is of course dependent upon 
the thickness of the Etchegoin formation. In 
order to imderstand the relation of the bottom 
water to the producing oil sands one must 
thoroughly understand the significance of the 
unconformity, for it is impossible to correlate 
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oil sands simply on the basis of the distance 
they lie below the B zone. For example, 
Lakeview well No. 1 derived most of its oil 
from sands that lie between 250 and 300 feet 
below the top of the B zone. Wells drilled 
only a few himdred feet south and west of this 
fold, however, have not found this producing 
oil sand but have encountered heavy flows of 
water in sands that lie at approximately the 
same distance below the top of the B zone as 
the sand from which Lakeview No, 1 derived 
its oil. The explanation for this discrepancy 
is that the producing sands of the Lakeview 
No. 1 well are wedged out along the imcon- 
f ormity, and that west of that well water sands 
occupy the uppermost part of the Mariqopa 
shale or the base of the Etchegoin formation. 



The water sands encountered in certam 
wells in the eastern part of the area — as, for 
example, in South Midway well No. 23, Union 
wells Nos. 2, 8, and 14, and a few of the Kern 
Trading & Oil Co.'s wells in sec. 31 — are clearly 
in the Etchegoin formation and are comparable 
with the sands described in some detail in the 
part of this report dealing with sec. 32, T. 12 N., 
R. 23 W. (pp. 140-145). 

PRODUCTION. 

More than 20 weUs in this area have had an 
initial production of over 1,000 barrels a day, 
and at least an equal number an initial pro- 
duction between 400 and 1,600 barrels daily. 
The largest well. in the whole Midway-Sunset 
I district, Lakeview No. 1 (see Pis. XL; XLI, C; 
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FiouBS 15.— Sketch map showing approximate position of the top of the Maricopa shale in the westero part of the Sunset field. 



The August water wells, in the southeast 
comer of sec. 31, T. 32 S., R. 24 E., derive their 
water ^ from sands well down in the Maricopa 
shale. So likewise does well F of the Sunset 
Monarch Oil Co.,^ in sec. 26; wells D and I of 
the same company; and Sage wells 11, 15, 8, 
16, 17, and 19 in sec. 35.* The approximate 
position of the top of the Maricopa shale in the 
eastern part of T. 12 N., R. 24 W., is shown on 
the accompanying sketch map (fig. 15). This 
map is not very accurate, for the data upon 
which it is based are meager, but it serves to 
indicate roughly the base of the zone in which 
the producing oil sands occur in the Etchegoin 
formation and therefore the depth below which 
drilling should not be continued unless it is de- 
sired to prospect for lenses in the diatomaceous 
shale. 



1 For analysis see Table Id, Part II (Prof. Paper 117). 

2 See analyses 69 and 70, Table 26, and analysis 15, Table 10, Part II 
(Prof. Paper 117). 



XLII, .^), is in the center of the area, well 
down on the north flank of the Thirty-five 
anticline. This well is said to haire produced 
as much as 65,000 barrels a day and is credited 
with having produced in all more than 6,000,000 
barrels of oil. It derived its oil from a sand 
which lies about 300 feet below the top of the 
B zone. Further data regarding this well are 
given in the part of the report dealing with the 
history of development (p. 65). 

Many of the large flowing wells in this area 
(see PI. XU, O, particularly those near the 
north line of the NE. I sec. 36, have derived 
their oil from. sands which lie no deeper than 
150 feet below the top of the B zone. 

The location of the lai^ge flowing wells with 
relation to the structure is of interest, for the 
weUs are not near the axis of the f pld but well 
down its north flank. The factors controlliog 
the location of the highly productive sands are 
clearly the folding of the beds and the relation 
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they bear to the unconformity. The highly 
productive sands near the north line of sec. 36 
are wedged out along the unconformity and do 
not occur in the crest of the Thirty-five anti- 
cline, near the center of the W. i sec. 36. An 
inspection of the figure showing the relation of 
the big welk to the structure (fig. 6) will show 
that in the Sunset field the big wells in Mari- 
copa Plat, sec. 35, T. 12 N., R. 23 W., near the 
east end of the Thirty-five anticline, are near 
the crest of the anticline. Toward the west 
the big wells are situated along a line which 
departs gradually from the line marking the 
axis of the fold, and near the west end of the 
fold they are some distance down the north 
flank. The position of the large wells is of 
course* controlled in part by the location of the 
early wells, for the first wells, other things 
being equal, get the flush production, but it is 
in very large part determined by the position of 
the productive sand in the Etch^oin forma- 
tion, which is wedged out against the uncon- 
formity farther south and west. 

CHARACTER OF THE OIL. 

The oil derived from the A zone ranges in 
gravity from 14° to about 17° Baum«. The B 
zone yields oil of about 22° Baum6. The 
lightest oil reported is 26° or 27° Baum£, but 
there appears to be very little indeed of oil so 
light as this. The average for the area is 
between 18° and 20° Baum^. 

SUGGESTIONS FOR FUTURE WORK. 

The A zone is productive along the crest of 
the anticline in the S. } sec. 36 and the north 
edge of sec. 1, where it has yielded moderate 
amounts of fairly heavy oil. This part of the 
area has been so thoroughly drilled that the 
sands in this zone are probably now pretty 
well drained. There is, however, enough oil 
remaining in it to make it worth while to pro- 
duce from these sands, and in order to protect 
them great care should be exercised in hand- 
ling wells that are drilled along the edge of the 
area in which the top of the A zone is contoured 
on Plate III, for it is from such wells that 
trouble is to be expected from edge water in 
the A zone. Unless these weUs protect the A 
zone the oil sands in it will be flooded higher 
on the anticline. 

The B zone yields most of the oil in this area. 
In the western part of the area, where the 
Etch^oin formation is thin, the chief pro- 



ducing sands in the B zone lie not more than 100 
feet below the top of that zone. Inasmuch as 
water lies so close to the top of the Maricopa 
shale care must be exercised in drilling for 
sands in the lower part of the B zone not to 
enter the shale. Figure 15 indicates approxi- 
mately the base of the Etchegoin formation — 
that is, the horizon which marks the base of 
the zone containing the chief productive oil 
sands. 

A great many wells have been drilled into the 
underlying Maricopa shale and have found 
some oil ia sandy lenses in it. So far theise 
wells have not yielded any great quantity of oil, 
and it will be wise before prospecting for these 
deep sands to drain thoroughly the sands in 
the Etchegoin formation. 

Drillers in this area have not followed any 
uniform practice in handling the various oil 
sands, ^and a great deal of water trouble may 
be ascribed to this lack of uniformity. It is 
very unfortunate that this part of the area 
should be divided into so many small holdings, 
for imder such conditions it is almost impos- 
sible to regulate the drilling properly. 

The chief geologic features which must be 
imderstood before any rational poUcy can be 
adopted are as follows: (1) The upper sands 
along the crest of the Thirty-five anticline in 
the S. i sec. 36 are not productive down the 
flanks of the fold but are there occupied by 
water. (2) The unconformity which separates 
the Etchegoin and the underljdng diatoma- 
ceous Maricopa shale causes the Etchegoin 
formation to wedge out rather sharply toward 
the west, and therefore the B zone is much 
thinner in the western part of the area than in 
the eastern part. Wells may safely be drilled 
to depths of several hundred feet below the 
top of the B zone in the eastern part and 
should be drilled that deep in order to pene- 
trate completely the oil-bearing measures of 
the Etchegoin, but in the western part of the 
area drilling more than 100 or 200 feet below 
the top of the B zone is very hazardous, for it 
is almost sure to penetrate water sands in the 
diatomaceOus shale. (3) The difltomaceous 
shale contains lenses of oil sands that have 
yielded moderate amounts of oil along the 
crest of the anticline. The amount of oil in 
these lenses is, however, not very great, and 
their development may well await the final 
draining of the sands of the oveHying Etche- 
goin formation. 
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they bear to the uncoiifonnity. The highly 
productive sands near the north line of sec. 36 
are wedged out along the unconformity and do 
not occur in the crest of the Thirty-five anti- 
cline, near the center of the W. i sec. 36. An 
inspection of the figure showing the relation of 
the big welk to the structure (fig. 6) will show 
that in the Sunset field the big wells in Mari- 
copa Plat, sec. 35, T. 12 N., R. 23 W., near the 
east end of the Thirty-five anticline, are near 
the crest of the anticline. Toward the west 
the big wells are situated along a line which 
departs gradually from the line marking the 
axis of the fold, and near the west end of the 
fold they are some distance down the north 
flank. The position of the large wells is of 
course'controlled in part by the location of the 
early wells, for the first wells, other things 
being equal, get the flush production, but it is 
in very large part determined by the position of 
the productive sand in the Etchegoin forma^- 
tion, which is wedged out against the uncon- 
formity farther south and west. 

CHARACTER OF THE OIL. 

The oil derived from the A zone ranges in 
gravity from 14° to about 17° Baum6. The B 
zone yields oU of about 22° Baum£. The 
lightest oil reported is 26° or 27° Baum6, but 
there appears to be very little indeed of oil so 
light as this. The average for the area is 
between 18° and 20° Baum^. 

SUGGESTIONS FOR FUTURE WORK. 

The A zone is productive along the crest of 
the anticline in the S. } sec. 36 and the north 
edge of sec. 1, where it has yielded moderate 
amounts of fairly heavy oil. This part of the 
area has been so thoroughly drilled that the 
sands in this zone are probably now pretty 
well drained. There is, however, enough oil 
remaining in it to make it worth while to pro- 
duce from these sands, and in order to protect 
them great care should be exercised in hand- 
ling wells that are drilled along the edge of the 
area in which the top of the A zone is contoured 
on Plate III, for it is from such wells that 
trouble is to be expected from edge water in 
the A zone. Unless these wells protect the A 
zone the oil sands in it will be flooded higher 
on the anticline. 

The B zone yields most of the oil in this area. 
In the western part of the area, where the 
Etch^oin formation is thin, the chief pro- 



ducing sands in the B zone lie not more than 100 
feet below the top of that zone. Inasmuch as 
water lies so close to the top of the Maricopa 
shale care must be exercised in drilling for 
sands in the lower part of the B zone not to 
enter the shale. Figure 15 indicates approxi- 
mately the base of the Etchegoin formation — 
that is, the horizon which marks the base of 
the zone containing the chief productive oil 
sands. 

A great many wells have been drilled into the 
underlying Maricopa shale and have found 
some oil in sandy lenses in it. So far theise 
wells have not yielded any great quantity of oil, 
and it will be wise before prospecting for these 
deep sands to drain thoroughly the sands in 
the Etchegoin formation. 

Drillers in this area have not followed any 
uniform practice in handling the various oil 
sands, ^and a great deal of water trouble may 
be ascribed to this lack of uniformity. It is 
very unfortunate that this part of the area 
should be divided into so many small holdings, 
for under such conditions it is almost impos- 
sible to regulate the drilling properly. 

The chief geologic features which must be 
miderstood before any rational policy can be 
adopted are as follows: (1) The upper sands 
along the crest of the Thirty-five anticline in 
the S. } sec. 36 are not productive down the 
flanks of the fold but are there occupied by 
water. (2) The imconformity which separates 
the Etchegoin and the imderlying diatoma- 
ceous Maricopa shale causes the Etchegoin 
formation to wedge out rather sharply toward 
the west, and therefore the B zone is much 
thinner in the western part of the area than in 
the eastern part. WeUs may safely be drilled 
to depths of several hundred feet below the 
top of the B zone in the eastern part and 
should be driUed that deep in order to pene- 
trate completely the oil-bearing measures of 
the Etchegoin, but in the western part of the 
area drilling more than 100 or 200 feet below 
the top of the B zone is very hazardous, for it 
is almost sure to penetrate water sands in the 
diatomaceOus shale. (3) The difitomaceous 
shale contains lenses of oil sands that have 
yielded moderate amounts of oil along the 
crest of the anticline. The amount of oil in 
these lenses is, however, not very great, and 
their development may well await the final 
draining of the sands of the ovel*lying Etche- 
goin formation. 
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MABICOPA TLAT. 

[Southeastern part of sec. 31, sec. 32, southwest comer of 
sec. 33, T. 12 N., R. 23 W.; western part of sec. 4, northern 
part of sec. 5, and northeastern part of sec. 6, T. 11 N., 
R. 23 W.] 

LOCATION AND OPERATORS. 

The most productive part of Maricopa Flat 
is included in an area whose southwest corner 
lies on the southwest side of a small hill (eleva- 
tion, 617 feet) about 2 miles northeast .of the 
town of Maricopa and which extends eastward 
from that point for about li miles. (See geo- 
logic sections, Pis. XXVIII-XXXI, and map, 
PL XLIII.) The companies operating here 
in 1916 were the Kern Trading & Oil, Maricopa 
Northern, Midway Northern, National Pacific, 
Maricopa Star, Spreckels, General Petroleum 
(Annex and Essex), Obispo, Pacific Midway, 
Maricopa Consolidated, Midland Oilfields, Cali- 
fornian Amalgamated, El Dora, Trojan, Mio- 
cene, Pacific Petroleum, Midway Fields, Lake- 
view No. 2, Union (Jergins, Intemational| and 
Midway Fields). 

GEOLOGY. 

The chief structural featmre is the Thirty- 
fiive anticline, which trends in a general south- 
easterly direction through the south-central 
part of the area. This fold is the southern- 
most of the larger folds that head in the main 
Temblor Range and extend southeastward 
into the valley, where they plunge and cease to 
affect the siurf ace rocks. 

Just west of the area here described the 
Thirty-five anticline trends almost due east 
and passes through the center of the S. ^ sec. 31. 
In this part of its course it plunges eastward at 
an angle of about 6^. Near the southeast cor- 
ner of sec. 32 the axis of the fold swings gradu- 
ally to a more southeasterly trend, and in the 
NW. J sec. 4 its course is almost exactly south- 
eastward. In this part of its course the fold 
plunges eastward a little more steeply, the aver- 
age angle of plunge being about 9°. The anti- 
cline flattens markedly near the center of sec. 4 
and probably does not continue much farther 
southeast. It is possible that the fault which 
trends northward down Cienaga Canyon, pass- 
ing through the E. i sec. 17, T. 11 N., R. 23 W., 
continues as far northward as sec. 4 and actu- 
aUy truncates the east end of the Thirty-five 
anticline, but this hypothesis is of course not 
susceptible of proof, for the rocks are com- 



pletely masked by the alluvium that fiJls San 
Joaquin Valley. 

The Thirty-five anticline is slightly asym- 
metric, the dip on the south flanks being a httle 
steeper than that oh the north. Also the fold 
is fairly ^arp, and the belt near the axis of the 
fold, where the beds have a low dip — that is, 
what may be called the crest of the fold — is 
fairly narrow, being as a rule not more than 
1,000 or 1,500 feet across. 

On the south the Thirty-five anticline is 
separated from the Temblor Range by the 
Phoenix syncline, the axis of which lies about 
4,000 feet south of the axis of the anticline. 

Practically all of this area is covwed with 
alluvium, the only exposures of the older beds 
occurring on the northeast side of the small hill 
(elevation, 617 feet) in sec. 2^, and the structure 
must be interpreted entirely from well records. 

OIL SANDS. 

OenenUfecUurea. — ^The productive zone in 
this area lies in the lower part of the McEittrick 
group — that is, entirely within the Etchegoin 
formation — the Paso Robles formation here 
containing only water with traces of tar and gas. 
One or two wells have entered the Maricopa 
shale, but these wells got very little if any oil 
in that formation. 

The productive zone ranges in thickness 
from about 350 feet to more than 1,000 feet 
and is thinnest at the southwestern edge of 
the area. This variation in thickness is due to 
the unconformable relation existing between 
the McKittrick group and th^ underlying 
Maricopa shale and to the fact that the 
McEdttriok deposits were laid down in a 
transgressing sea, so that westward from the 
valley younger and younger beds rest upon the 
Maricopa shale. Thus many of the sandy 
beds that underlie the eastern part of the area 
do not extend under the western part but are 
truncated along the plane of unconformity. 
Inasmuch as the sandy beds in the basal part 
of the McEattrick are the beds from which the 
oil is obtained, the disappearance of certain 
of them is of considerable economic importance. 
This condition of affairs is shown diagrammat- 
ically in the geologic sections (Pis. XXVDI- 
XXX), particularly in Plate XXIX. 

The stratigraphically lowest oil sand in the 
McEattrick group that has been developed in 
this area up to the present time (July, 1916) 



ICARICOPA FIAT. 



141 



I. 



is that encountered in the Midland wells Nos. 
3 and 4, in Midway Northern No. 2, and in 
some of the General Petroleum and Spreckles 
wells. These wells are situated along the 
northeastern edge of the area now driUed^ and 
the lowest oil sand they encountered appears 
to be practically at the base of the McEat- 
trick group. It is almost certain that farther 
northeast still older beds underlie this pro- 
ducing sand and overlie the Maricopa shale, 
and these older beds probably contain some 
oil sands. It is not very probable, however, 
that the zone in which productive oil sands 
occur increases in thickness eastward from the 
area in which the wells just mentioned are 
situated, for in that area the uppermost sand 
that has yielded so much oil in the western part 
of sec. 32 is lean, and to judge from conditions 
along the foothills west of Taft, farther east, 
this upper sand probably contains water. In 
the area northeast of that which has been 
developed the productive zone is thickened by 
the addition of beds at the base and thinned 
by the subtraction of beds at the top that are 
occupied by edge water. The net result is 
that the thickness of the productive zone is 
maintained fairly constant. 

In 8ec# 32 the productive zone may be con- 
sidered as composed of three main parts — ^an 
upper oil sand, a middle division occupied by 
water sands with lenticular oil sands, and a 
lower division containing numerous* oil sands, 
the chief producing sancb of the area. 

Upper sand. — ^The uppermost of the divisions 
just mentioned varies slightly in thickness and 
has a maximum of about 150 feet. It is not a 
single sand but is composed of a number of 
more or less lenslike sands whose thicknesses 
vary considerably, though few of them are over 
25 feet thick. More of these individual oil 
sands are recorded in the wells drilled near 
the axial part of the anticline than in those 
down the flank of the fold or even down the 
plunge to the east, but the total thickness of 
the zone is almost the same in both places. 
The top of this zone is shown by the contoiurs 
on Plates III and XLIII. 

This upper part of the productive zone does 
not, however, contain water near the crest of 
the anticline, whereas down the east flank a 
persistent water sand is recorded in the very 
middle of it.. This water sand is shown in 
Plates XXVin-XXX, and its top is contoured 



on Plate XLHI. A line drawn from the 
vicinity of Kern Trading & Oil Co, well No. 25, 
in sec. 31, to the vicinity of Eem Trading & 
Oil Co. well No. 36, in sec. 5, separates approxi- 
mately the area on the northeast in wkich this 
water sand divides the upper zone into two 
parts and that on the soutiiwest in which this 
water sand is absent. 

The sands in this upper part of the productive 
zone become rather lean or lack oil entirely 
along the edge of the area contoured on Plates 
III and XLIII and many of the sands that 
contain oil closer to the crest of the fold are 
here filled with water. 

The oil yielded by the sands in this upper 
part of the productive zone ranges in gravity 
from IT"* to 24 ** Baumfi. The sands in the 
lower part of this division contain oil of some- 
what lighter gravity than those in the upper 
part, and in the eastern part of this area, where 
many of the wells produce only from the lower 
sands, the oil obtained is of about 26^ Baumi. 
In this same part of the area the sands in the 
upper part of this division — ^those lying above 
the prominent edge-water sand whose position 
is shown on Plate XLIII-^yield oil of about 
19° Baumfi. 

Middle division. — ^The middle division of the 
productive zone extends from the bottom of 
the upper division just described to the bottom 
of the big water sand that lies a short distance 
above the so-called WUhelm sand. This divi- 
sion varies somewhat in thickness. It is about 
100 feet thick near the southwest comer of 
sec. 32 and is probably between 250 and 300 
feet thick near the northeastern edge of the 
part of sec. 32 contoured on. Plate XLIII. The 
variation in thickness is shown in the geologic 
sections (Pis. XXVIII-XXXI). 

Most of the sands in this zone are occupied 
by water and not by oil, but some oil sands 
occur both near the top and immediately above 
the big water sand that marks the bottom of 
this zone. The chief water sand here is the 
one that yields a large flow of water and occurs 
a short distance above the so-called WUhelm 
sand. This sand varies in thickness but is 
usually reported as being from 20 to 25 feet 
thick. Near the southwest corner of sec.. 32 
this water sand has not been recognized in sev- 
eral of the deeper wells, whose logs have re- 
corded a gas sand at the horizon at which this 
water sand should occur. Almost aU these 
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wells which have not cased off this gas sand 
have later had water trouble, and it is prac- 
ticaUy certain that this sand contains water 
only a short distance down the dip from the 
place where the wells penetrated it, and that 
water moves up the dip when the gas is 
exhausted. 

The top of this big water sand is contoured 
on Plate XLIII, but in using this map it should 
be remembered that water sands occur locally 
above this sand up to the base of the upper oil 
sand which has just been described, and also 
that in the northeastern part of the area con- 
toured on the map other water sands occur 
below this big water sand and above the first 
underlying oil sand — that is, the sand usually 
called the Wilhelm sand. 

The big water sand appears to be widespread 
and to extend to the southeast at least as far 
as the center of sec. 4. The water sands that 
occur a short distance above the big water 
sand are lenticular and probably not very ex- 
tensive, although some of them yield flowing 
water. The water that occurs below the big 
water sand is probably edge water in the sands 
that, close to the crest of the anticline, yield 
oil — that is, the sands called the Wilhelm sand 
in the southeastern part of sec. 32. 

A few of the wells near the southwest comer 
of sec. 32 record a heavy oil (about 14^ Baum6) 
immediately above the big water sand or, more 
precisely, above the sand recorded as contain- 
ing gas, which is really the equivalent of the 
water sand. Heavy oil is reported also in a 
similar position just above the big water sand 
near the center of sec. 4. Such a sand con- 
taining heavy oil probably occurs in other parts 
of the area, but it has not been reported in the 
logs of the deep wells. This sand would prob- 
ably yield a fair production, but the imderlying 
sands are so much richer that it has been dis- 
regarded. The heavy gravity of the oil it 
yields also makes it unattractive at present. 

This middle division is really characterized 
by water, not by oil, and should be cased off 
in order to protect both the upper oil sands, 
already described, and the lower oil sand, de- 
scribed below. 

Lower division. — ^The lower division embraces 
all of the productive zone lying below the base 
of the middle division — that is, below the big 
water sand and above the top of the Maricopa 
shale, both of which are contoured on Plate 
XLIII. 



This division has a maximum thickness of at 
least 400 feet, for weUs near the center of sec. 
32 have penetrated it to that depth without 
having entered the underlying diatomaceous 
shale. Like the uppermost division, it is made 
up of a number of oil sands or lenses separated 
by barren strata. The individual oil sands 
vary in thickness, but the average is probably 
less than 30 feet. To these oil sands a great 
number of names have been applied — ^for in- 
stance, Wilhelm, Obispo, Spreckles, American, 
Elinsey, Miocene, and Lakeview No. 2. In 
general, particularly in sec. 32, the first oil 
sand below the big water sand is called the 
Wilhelm sand. 

Near the southwest corner of sec. 32 — ^that is, 
near the crest of the anticline — ^the uppermost 
productive oil sand in this lower division lies a 
very short distance below the base of the big 
water sand that occurs in the lower part of the 
middle division of the productive zone, in 
places not more than 25 feet of clay separating 
the two. The distance between the big water 
sand and the underlying oil sand, however, in- 
creases down the flank of the fold. The reason 
for this apparent separation of the sands is 
probably to be explained by the fact that the 
sands that are filled with oil near the axis of 
the anticline become barren down the dip and 
are in places occupied by water. Thus near 
the center of sec. 32 the uppermost oil sand 
in this lower division of the productive zone is 
the equivalent of the oil sands that occur a 
considerable distance below the uppermost pro- 
ductive oil sands in this division near the crest 
of the anticline. On acoount of this condition, 
although the name Wilhelm sand is applied by 
the drillers to the first productive oil sand en- 
ooimtered below the big flowing-water sand, 
this name is not always applied to the same 
sand. This condition is shown in the geologic 
sections (Pis. XXVIII-XXXI). 

As yet water has not been reported in this 
lower division of the productive zone. The 
only water that has so far been reported below 
the big flowing-water sand that marks the base 
of the middle division almost certainly occurs 
below the base of the productive zone. This 
water was reported in the western part of the 
area, and there, on acoount of the unconformity 
at the base of the productive zone, the sands 
which form the lower part of the productive 
zone in the center of sec. 32 are absent* 
This lower water sand is shown in Plate XXX. 
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WATER SANDS. 

Top vxUer. — The records of the upper parts 
of the wells drilled in this area are not very 
good, for most of the wells were drilled with 
rotary tools, and many of the drillers made no 
special attempt to keep a caref id record of any- 
thing encountered above the uppermost oil 
sand. However, top water occurs scattered 
through the sands down to a level within 50 feet 
or so of the top of this upper oil sand, and in 
order to protect the oil sands it is necessary to 
carry the water string down fairly close to this 
oil sand. 

The upper water sands— that is, those fur- 
nishing water in some of the shallow water 
wells — clearly contain surface water,* but the 
lowest of these water sands — that is, those 
within 100 feet or so of the top of the upper oil 
sand — ^are the stratigraphio equivalents of those 
that contain oil farther to the west, namely, the 
A zone contoured on Plate III for the region 
about Maricopa. Thus the water of these 
lower sands is edge water in the A zone. 

Bottom water. — So far only a single well has 
encoimtered what may truly be termed bottom 
water — that is, water that lies below the pro- 
ductive zone. The water sand is almost cer- 
tainly in the Maricopa shale, but little more can 
be said definitely regarding it from this single 
record. Its approximate position is shown in 
the geologic section forming Plate XXX. 
From conditions in other parts. of the field it is 
probable that in the area tmder discussion the 
upper part of the Maricopa shale contains 
numerous water sands which will yield flowing 
salt water, for the presence of such water sands 
has been shown by deep wells drilled in the 
vicinity of Maricopa. 

Edge water and water in the oU zone. — ^The 
most troublesome water in this area is that 
encountered in what has been described above 
as the middle division of the productive zone. 
This division ranges in thickness from about 
100 feet to about 200 or 300 feet. Its thick- 
ness varies with its position in the area, being 
least along the crest of the anticline near the 
southwest comer of sec. 32 and gradually in- 
creasing from that locaUty both northeastward 
down the flank and eastward along the crest 
and down the plunge of the fold. This' middle 
division of the productive zone contains a num- 

> Sm analysis 8, Table IS, Part II (Prof. Paper 117). 



her of water sands that yield flowing salt water.' 
The largest yield comes from the sand which 
occurs in the lower part of the division. The 
top of this }>ig water sand is contoured on 
Plate XTJII. This water sand is very per- 
sistent and occurs beneath most if not all of 
the area here described. Along the crest of the 
anticline near the southwest comer of sec. 32 
this sand was originally reported as a gas sand 
and in some of the wells was not cased off. 
With the exhaustion of the gas water has evi- 
dently worked up the dip and has appeared in 
these wells. The water sand itself, as nearly as 
can be judged from the logs, is not thick, proh- 
ably averaging not more than 25 feet, but down 
the flanks and also down the plunge along the 
crest of the fold water sands, probably len- 
ticular, appear in the upper part of this middle 
division — that is, above the big water sand and 
below the lowest oil sand of the upper division 
of the productive zone. (See PL XXIX.) 

Edge water appears in the upper division of 
the productive zone in much of sec. 32 on the 
north flank of the anticline and along the crest 
of the fold east of the center of the north line 
of sec. 6. This water is very troublesome, for 
in much of the area it is separated from the 
productive oil sand by bnly a very thin stratum 
of clay, which in places is recorded as only 
10 feet or so thick. This edge water separates 
the upper division into two parts, the upper of 
which yields oil of about 19^ Baum6 and the 
lower oil of 25® to 27° Baum6. Its position is 
shown by the contours on Plate XLIII. 

CHARACTER OF THE OIL. 

The oil sands that make up the productive 
zone contain oil of different quaUty. In gen- 
eral the heavier oil is foimd in the upper part 
of the zone, in those sands that he close to 
water sands. In the western part of the area 
the sands that constitute what has been de- 
scribed as the upper division of the productive 
zone yield oil of 17° to about 24° Baum6, the 
average being about 21° Baum6. However, in 
the eastern part of sec. 32, where this upper 
division is separated into two portions by the 
water sand whose position is shown on Plate 
XTJII, the portion lying below the water sand 
yields oil of 25° to 27° Baum6 that is of prac- 
tically the same quality as that obtained from 
the lowest division of the productive zone. 

* See analyris 9, Table 15, Part II (Prof. Paper 117). 
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The sands of the lowest division of the pro- 
ductive zone yield oil of 24° to about 27° 
Bauin6. A sand lying a short distance above 
the top of the big water sand that occurs in the 
lower part of the middle division of the pro- 
ductive zone yields bil of 14° Baum6. 

PRODUCTION. 

The initial production of wells in this area 
has varied greatly, ranging from less than 100 
barrels to many thousand barrels daily. The 
productivity of each well depends both upon 
its position in the area and upon the sand from 
which it obtains the oil, the wells along the 
crest of the fold and penetrating the sands of 
the lowest division of the productive zone 
yielding the most oil. The lai^est well in the 
area was well No. 1 of the Lakeview No. 2 Oil 
Co., which is said to have flowed for a time at 
the rate of 50,000 barrels daily. / A summary 
of the history of this well is given in another 
part of this report (p. 66) . On the whole this 
area has proved one of the richest in the whole 
field. 

SUGGESTIONS FOB FUTURE WORK. 

The wells so far completed have pretty thor- 
oughly outlined the general position of the 
several oil ahd water sands, and in drilling 
new wells in this part of the area attention 
should be paid to three chief points — ^protect- 
ing the upper oil sand from top water; pro- 
tecting the upper oil sand from water that 
occurs beneath it, in what has been described 
as the middle division of the productive zone; 
and protecting the oil sands that form the low- 
est division of the productive zone from water 
in the overlying sands. 

The sand that forms the upper part of the 
productive zone appears to contain oil in com- 
mercial amounts in almost all the area along 
the crest of the anticline and down the north 
flank approximately to a depth of 2,100 feet 
below sea level. Tbe area on the south flank 
of the anticline in which this upper sand will 
prove productive has not yet been outlined by 
drilling, but on account of the fact that the dip 
is somewhat steeper on this side of the fold it is 
probable that this sand will not prove produc- 
tive to quite so great a depth as on the north 
flank. 

Farther down both the northeast flank and 
the crest of the fold than where the upper sand 
lies approximately 2,100 feet below sea level 



the production must be expected from the 
sands that lie in what has been described as the 
lowest division of the productive zone, along 
the axial part of the fold in sec. 32, or from still 
lower sands which are not present in sec. 32 
but which wedge in below the beds that form the 
lowest division of the present productive zone 
there and the underlying diatomaceous shale. 
These sands of the lowest division of the pro- 
ductive zone are the ones from which the big 
flowing wells in sees. 32 and 4 derive their oil. 
They unquestionably contain oil for a con- 
siderable distance both to the east and to the 
north of the area where they have been tapped 
by wells. However, the quantity of oil in 
these lower sands away from the axial part 
of the anticline can not be in any way com- 
parable with the quantity they contain along 
the crest of that fold, for in this area the beds 
dip regularly to the northeast between the 
axis of the Thirty-five anticline and the axis 
of the Midway Valley syncline. The amoimt 
of dip of course decreases toward the synclinei 
but 80 far as is known there is here no area of 
reverse structure along which oil would tend 
to collect. The conditions are therefore com- 
parable to those in the west side of Midway 
Valley northwest of Taft, in the northeastern 
part of sees. 10 and 14 and the southeastern 
part of sec. 11, T. 32 S., R, 23 E. 

On the south flank of the Thirty-five anti- 
cline the sands that form the lowest division 
of the productive zone in sec. 32 become thin 
and gradually wedge out. Therefore in the 
western part of the area here described pro- 
duction must be expected chiefly from the 
upper division of the productive zone. In the 
eastern part of the area, however — ^that is, in 
sec. 4 and the eastern part of the N. i sec. 5— 
the sand forming the lowest division of the 
productive zone in sec. 32 occurs, and in the 
part of the area away from the crest of the 
Thirty-five anticline the production must be 
expected from this sand. 

To the southeast, down the plunge of the 
Thirty-five anticline, the field has not yet been 
delimited by drilling. The wells in sec. 4 have 
shown, however, that the sands in the lower 
part of the upper division of the productive 
zone in sec. 32 contain oil in commercial 
amounts at least as far southeast as the point 
where the sand lies 2,200 feet below sea level — 
that is, somewhat lower than along the north 
flank. 
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It is possible that the fault which trends 
northeastward down Cienaga Canyon may 
continue out into the flat to the vicinity of 
sees. 10 and 4 and that it cuts off the Thirty- 
five anticUne in this area, but definite evi- 
dence on this point is not available. 

HABICOPA-PIONBBB ABXA. 

[Southeast comer of sec. 34; southweBt comer of sec. 35, 
T. 12 N., R. 24 W.; all but north edge of sec. 1, all but 
aouthwest comer of sec. 2, northeast comer of sec. 3, 
eastern part of sec. 12, northeastem part of sec. 13, 
T. 11 N., R. 24 W.; southwest comer of sec. 6, westem 
part of sec. 7, sec. 18, southwestem part of sec. 17, T. 11 
N., R. 23 W.] 

ijOcation and operatobs. 

The Maricopa-Pioneer area embraces the 
foothills west and south of the town of Mari- 
copa, extending from a point about a mile west 
of Monarch southward to a point about a mile 
east of the old refinery at Pioneer. The com- 
panies operating here in 1916 or claiming land 
upon which wells had been drilled previous to 
that date were the Midway Oil Co., Sunset 
Monarch, Ruby, Petroleum Center, McCutch- 
eon, United Cbnide, Case, Midway View, Ida 
May, Adeline Consolidated, Hanford Sanger, 
Standard, Kern Trading & Oil, Lowell, MeUta, 
Muscatine, Vancouver Midway, Sunset Mo- 
hawk, La Blanc, General Petroleum, New 
Center, Snook, Petrolia, Northern, Good Roads, 
Golden West, Consolidated Midway Chief, 
Topaz, Union, Yellowstone, Munzer, Johnson, 
and Hazelton Crude. 

GEOLOGY. 

This area lies on the south flank of the 
Phoenix syncline, e^^tending from the axis of 
that fold southward to the fault that trends 
northeastward down Cienaga Canyon. On 
the west it extends almost to the outcrop of 
the oil sands of the McEattrick group. The 
structure of the beds is somewhat irregular, as 
is to be expected, for the area lies at the very 
southwest comer of San Joaquin Valley, where 
the San Emlgdio and Temblor ranges join. 
As is explained on pages 57'-62, the structure 
of the San Emigdio Mountains is very different 
from that of the Temblor Range, and this 
area in which the two ranges meet exhibits in 
part the features of one range and in part those 
of the other. Near the fault at Cienaga 
Canyon the beds are steeply tilted and prob- 
ably fractured. At the northwest end of the 
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area there are numerous small folds, of which 
the larger are the California Fortune and the 
Sunset Monarch anticlines. It is probable 
that in this part of the area there are several 
other small folds similar in character to these 
two, which are mapped. 

OIL SANDS. 

Divisions. — ^The producing sands lie in two 
chief divisions, one comprising sands that corre- 
spond to the productive sands in the rest of 
the district and lie in the basal part of the 
McKittrick group, and the other occmxing in 
the upper part of the Maricopa shale. The 
upper of these two divisions comprises the 
A and B zones, whose tops are contoured on 
Plate III. The A zone may include near its 
top some beds of the Paso Robles formation. 
The B zone is entirely in the Etchegoin forma- 
tion. 

A zone, -The A zone, which is productive in 
the western part of the area, lies stratigraphio- 
ally between 200 and 300 feet above the top 
of the B zone. Its thickness varies on account 
of the unconformity at the base of the McKitt- 
rick group, and in the northwestern part of the 
area it is less than 100 feet, thick. Within the 
area where the A zone is contoured on the 
map (PI. Ill) most of the zone is reported as 
oil sands, the amount of intercalated clay being 
notably small. 

The A zone embraces the upper part of the 
productive sands in the vicinity of Pioneer, 
but on account of insufficient data the whole 
productive zone there is mapped with the B 
zone. The A zone is not productive in the 
axial part of the syncUne east of the area where 
it is contoured on the map (PI. III). 

B zone. — ^In the northwestern part of the 
area the B zone is wedged out, by the uncon- 
formity at the base of the Etchegoin forma- 
tion, a short distance west of the area where 
it is contoured on Plate III. The thickaess of 
the B zone increases toward the east, and in 
the trough of the Phoenix syncline near the 
center of the east line of sec. 6 the top of the 
zone is probably 400 or 500 feet above the 
top of the Maricopa shale. This zone, like the 
overlying A zone, is, where productive, reported 
chiefly as oil sand with relatively Httle inter- 
stratified barren shale. 

OH in the Maricopa shale.— Many of the 
wells drilled in 1916 and even a few of the 



146 



THE SUNSET-MIDWAY OIL FIELD, CALIF. — ^PAKT I, 



wells drilled earlier have derived considerable 
oil from the sandy lenses in the diatomaceous 
shale, and late in 1916 and early in 1917 sev- 
eral of the companies here were drilling for the 
deeper sands. These oil-bearing lenses are, 
however, so irregularly distributed and lenses 
that contain water are so abxmdant that it is 
difficult to produce oil from these sands. 

WATER SANDS. 

Top water. — ^The logs of most of the old 
wells in the northwestern part of the area, 
where the productive sands lie in the A zone, 
report water * in sands that lie about 100 feet 
above the top of that zone, but none of them 
reports water below the top of it. Top water 
has been successfully handled in this part of 
the area by setting the water string a rela- 
tively short distance above the top of the A 
zone. 

Edge water. — ^The A zone is occupied by 
water east of Maricopa, at the south end of 
the area where the top of that zone is con- 
toured on Plate III. Also east of the area 
where this sand is contoured practically all 
the A zone contains water. In this part of 
the area the water is considered top water and 
is shut off a short distance above the top of 
the B zone. 

Bottom water. — ^A great many of the wells 
have been drilled several hundred feet below 
the top of the B zone, and many of them have 
entered the tmderlying Maricopa shale. Most 
of these wells report water' at a variable 
distance below the top of the B zone. It is 
difficult to make out the exact position of 
these water sands, but it seems probable that 
here, as in the area north of the town of 
Maricopa, water occurs chiefly in the diato- 
maceous shale. The distance that it is safe 
to drill below the top of the B zone is there- 
fore dependent upon the thickness of the 
Etchegoin formation, and this distance in- 
creases toward the east. It may be that some 
of these water sands occur in the Etchegoin, 
but certainly most of them lie below it. 

Many of the sandy lenses in the Maricopa 
shale have yielded several thousand barrels of 
water daily.' One well has been drilled 2,800 
feet below the top of the B zone, the lower 
2,300 feet of this in the Maricopa shale. Traces 

< See analysis 36, Table 20, Part II (Prof. Paper 117). 
f For analyses see Table 27, Part II (Prof. Paper 117). 



of oil have been reported deep in the 'shale, 
but no oil was found in commercial amounts. 

CHAAACTER OF THE OIL. 

The oil ranges in gravity from 11° to 18° 
Baum6 and averages about 14° Baimi6. The 
heaviest oil comes from the upper part of the 
A zone in the western part of the area. Some 
of the wells have obtained oil of 17° or 18° 
Baum6 in the fine-grained beds in the Mari- 
copa shale. 

PRODUCTION. 

The production of the wells in this area is 
small compared to that of the rest of the field. 
Some of the wells have produced 500 barrels 
or so when first brought in but have main- 
tained so great a yield for only a day or so. 
Most of the wells are now reduced to a daily 
production of much less than 100 barrels, and 
many of them pump less than 20 barrels. 

FIONXXB ANTIGLINE ABEA. 

[Southwest comer of sec. 15, southern part of sec. 16, 
southeast. comer of sec. 17, eastern part ol sec. 20. sees. 
21 to 28 inclusive, all but northwest comer of sec. 29, 
sees. 33. to 36 inclusive, T. 11 N., R. 23 W.] 

LOCATION AND OPERATOBS. 

The Pioneer anticUne area lies in the foot- 
hills southeast of Sunset, embracing the ridge 
that lies east of Cienaga Canyon and a belt of 
San Joaquin Valley about 2 miles wide bor- 
dering this ridge. (See PL XUV.) The 
northwest comer of the area Ues about 4 miles 
southeast of Maricopa; the east end of the 
area lies about 1 mile east of Santiago Creek. 

The Western Minerals Co. is the chief opera- 
tor in this area and has drilled seven wells, 
all of which were idle in 1914. Other wells, 
all of them dry, have been drilled by the Van- 
couver Paraffine Oil Syndicate in sec. 23, the 
Nevada Pacific Oil Co. in sec. 24, the Test 
Oil Co. and Thirty-four Hill Oil Co. one each 
in sec. 34, and the El Cerrito Oil Co. in sec. 
35. Besides these wells three holes were drilled 
by Jewett & Blodgett in the NE. J sec. 28 in 
the early nineties — ^for this area was one of 
the first parte of the Sunset field to be pros- 
pected, the seeps near the north line of sec. 
20 having early attracted attention. These 
old Jewett & Blodgett wells obtained small 
quantities of Ught oil (about 30"^ Baum6). 
They are described more fully in the section 
on the early history of the field (pp. 63-66). 
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GEOLOGY, 

This area is separated from the south end of 
the Sunset field by the belt of irregular struc- 
ture that trends northeastward through sees. 
17, 20, and 29, T. 11 N., R. 23 W., and prob- 
ably by another sinular belt that passes 
through sees. 15, 21, and 28. In these belts 
thel>eds have broken along one or more faults. 
The exact nature of the faulting can not be 
described, for the rocks affected are largely 
covered by alluvium. The interpretation that 
best fits the available evidence is that the chief 
break has been along a line extending down 
Genaga Canyon and thence trending about 
N. 20^ E. through sees. 20 and 17 across the 
flat. The rocks east of the fracture have^ 
moved upward relative to those on the west. 
The probable position of the fault is shown on 
Plates II and XLIV. It is also probable that 
a second but smaller parallel fault extends 
through the central parts of sees. 21 and 16, 
but here the relative movement is apparently 
opposite to that along the major fault to the 
west, and the rocks lying to the west of the 
fracture have been raised relative to those on 
the east. The evidence of the existence and 
position of this fatdt is, however, so meager 
that it has not been shown on the map (PI. 
XUV). 

Besides these faults the chief structural fea^- 
tures in this area are the Pioneer anticline and 
the Cienaga syncline. The anticline trends 
almost due east through the central parts of 
sees. 28 and 27 and may be traced in the out- 
cropping beds as far eastward as the west line 
of sec. 26, where the rocks affected by it are 
covered with alluvium. The fold, however, 
continues some distance eastward, probably 
at least as far as the east line of the township. 
In the W. i sec. 28 the anticline abuts against 
the eastern one of the two fault zones just 
described, and, although the Pioneer anticline 
is evidently part of the anticline that may be 
traced from Cienaga Canyon westward to Bit- 
terwater Creek, the two can not be traced across 
the fault zone into actual connection. (See 
geologic map, PI. II.) 

Near the east line of T. 11 N., R. 23 W., the 
Pioneer anticline and the Cienaga syncline 
plunge eastward. The degree of plunge can 
not be estimated accurately, for this part of 
each fold is covered by alluvium, but it is prob- 
ably less than lO"". 



In the west-central part of the area the 
upper part of the Vaqueros formation crop» 
out in the axial part of the Pioneer anticline. 
The formation here is composed chiefly of 
dark chocolate-colored sandy shale which is 
probably in part diatomaeeous and in places 
contains a considerable amount of carbona- 
ceous matter as minute flakes. On the south 
limb of the anticline and in the axial part of 
the Cienaga syncUne the Vaqueros formation 
is overlain by the Maricopa shale, but on the 
north limb of the anticline it is overlain di- 
rectly by the coarse gravels and clay of the 
McKittrick group, the siheeous Maricopa shale 
having been overlapped some distance north 
of the axis of the anticUne. 

POSmOX OF THE OIL SANDS. 

The oil-bearing sands in this area lie in two 
chief zones. The upper zone includes the 
sandy beds in the basal part of the McKittrick 
group and in places some of those in the upper* 
most part of the formation upon which the 
MoEdttriek rests, whether that formation is 
the Maricopa shale or the Vaqueros formation, 
for in this area the MoElittrick overlaps eaoh 
of these formations. This zone corresponds 
to the chief zone that yields the oil in the main 
part of the Sunset and Midway fields to the 
north. The lower zone includes sandy beds in 
the Vaqueros fonnation and is the zone of 
chief importance in this area. The two zones 
yield oil of distinctly different character. 
That in the upper zone is a heavy, dark- 
colored or practically black tarry oil of approx- 
imately 14® or 16° Baumfi. The oil in the 
lower zone is greenish and much lighter, usu- 
ally of 26° to 28° Baumfi. A few sample* 
of oil from the lower sands are recorded 
as of only 19° Baimi^, but the relatively 
heavy gravity of these samples may be the 
result of a mixing of oil from the sands in the 
Vaqueros fonnation with the heavier oUa of 
the upper zone, of a loss of the light oonstit- 
uents in the oil through evaporation, or of 
contact with alkaline water. The normal oil 
in the sandy beds of the Vaqueros formation 
is evidently lighter than 25° Baimi6. 

OIL IN THE VAQUEBOS FORMATION'. 

OILBAJSDS. 

The oil in the Vaqueros formation occurs in 
various lenticular sands interstratified with 



148 



THE SUNSET-MIDWAY OIL FIELD, CALIF. — PART I. 



the sandy clay and chocolate-colored shale 
(probably in part diatomaceous) that oompoee 
the upper part of the formation here. Oil- 
bearing beds are apparently scattered through 
the upper shale member of the formation, but 
only a few of the lenses contain commercial 
amounts of oil, for many of them are noted 
only as '' showing" oil when penetrated by the 
drill. Most of the oil has come from thin sands 
that lie in the lower part of the upper shale 
member of the formation. The weUs here that 
have yielded oil are so few and the oil sands 
are clearly so lenticular that it is impossible to 
oontour the productive zone other than in a 
very general manner. 

On Plate XTjTV an attempt has been made 
to show the approximate position of the hori- 
zon at which the lenses that have yielded the 
most oil occur. Anyone using this map should 
undeistand that this is only a first approximar- 
tion of the location of the oil-bearing sands and 
that these contours do not have by any means 
the same degree of a^ccurapy possessed by 
those shown on the map of the productive 
parts of the main fields to the north (PI. III). 
In most of the wells that have obtained oil 
from the Vaqueros sands in this area various 
quantities of oil have been reported in sandy 
beds that lie many hundred feet above the sand 
that has yielded the chief production, and in 
one well 10 barrels of oil a day is said to have 
been obtained from a sandy bed that lies almost 
at the top of the Vaqueros — that is, stratigraph- 
ically above the lenses that have been tapped 
by the larger weUs and above the horizon marked 
by the purple contours shown on Plate XLIV. 

WATSSt 8AVD8. 

The records of water sands encountered in 
the wells so far drilled along the Pioneer anti- 
cline are much too discordant to permit any 
very definite statement as to the location of 
these sands. 

The logs of two of the old wells drilled by 
Jewett & Blodgett in the nineties reported 
water in practically every sandy bed pene- 
trated, but as water was never shut off properly 
in these wells it is probable that much of the 
water came from some one or two sands pretty 
high up and that as drilling progressed this 
water leaked down into the hole. The logs of 
most of the wells drilled more recently report 
water in the upper part of the section pene- 
trated, some of them down to levels within 



300 feet or so of the productive oil sand. 
Much of this is clearly surface water, but in a 
few logs the deeper top waters are reported as 
sulphurous and are probably comparable with 
the top waters that lie close to the top of the 
chief oil sands in the main field. 

In two, possibly in three, wells saline water 
is reported below the deeper oil-bearing sands — 
that is, those sands which lie in the lower part 
of the upper shale member of the Vaqueros 
formation. In one well this water is said to 
have flowed, and in another to have risen 
about 800 feet in the hole. 

STrOOSSTIOVS FOB FUTVBX WOBX. 

The drilling that has been done along the 
eastern half of the Pioneer anticline has shown 
that the shale which forms the upper division 
of the Vaqueros formation contains many 
sandy lenses saturated with oiL These lenses 
occur at various horizons practically from the 
top to the bottom of this shale, but the largest 
production has come from the lenses in the 
lower part of it. No well can therefore be 
considered as testing the area unless it com- 
pletely penetrates this shale. 

So far the successfid wells here are all fairly 
dose together along the axis of the Pioneer 
anticline. Most of the wells more than half a 
mile from the axis of the Pioneer anticline 
have, it is true, not been drilled deep enough 
to encounter the basal part of the upper shale 
of the Vaqueros formation, but those that have 
been drilled deep enough have not found oil. 

It is probable that the area in which the 
Vaqueros formation contains commercial 
amounts of oil is restricted rather closely to 
the crest of the Pioneer anticline. On the 
north flank of the fold wells half a mile from 
the axis have obtained oil, and it may be that 
the productive belt extends for half a mile still 
farther north. On the south flank of the anti- 
cline the productive belt certainly does not 
extend south of the axis of the Cienaga syn- 
cline, for the beds forming the south flank of 
the syndine are practically on end. 

The oil in the Vaqueros formation is light 
and very fluid and apparently does not form 
tarry products so readily as the heavier oil 
characteristic of the upper zone. Oil such as 
this would tend to migrate readily and would 
halt and concentrate only in those areas where 
the structure formed a fairly perfect trap — 
that is, such a trap as is formed by the Pioneer 
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anticline. Oil would evidently tend to collect 
in the uppermost part of the fold and would 
not accumulate lower on the flanks; unless the 
porous beds near the crest of the fold were 
fully saturated (with oil or gas), or unless the 
oil in moving up the dip became trapped in a 
porous lens Uiat had no outlet up the dip. 

Further prospecting for oil in the beds of 
the Vaqueros formation should therefore be 
conducted first along the crest of the Pioneer 
anticline, and drillers of wells here should be 
prepared to drill completely through the upper 
shale member of the formation. Much of the 
Vaqueros formation has been removed by 
erosion along the crest of the anticline in 
sees. 27 and 28, but the diatomaceous Mari- 
copa shale evidently swings about the nose of 
the fold beneath the alluvium in the vicinity 
of sec. 25, and there the full thickness of 
the upper shale member of the Vaqueros 
would have to be penetrated to test the area 
adequately. Sandy beds containing oil might 
and probably would be encountered above the 
base of thi^ shale along the crest of the anti- 
cline in sec. 25, but no well that did not en- 
counter oil can be said to have proved the 
area to be barren of oil unless it has been 
drilled through the shale. 

In conclusion it may be said 

1. That a belt half a mile to a mile in width 
on each side of the axis of the Pioneer anti- 
cline offers excellent promise of yielding light 
oil from sandy lenses in the upper shale mem- 
ber of the Vaqueros formation. 

2. That oil occurs scattered through this 
shale practically from the top to the bottom, 
but that most of the oil so far obtained has 
come from sandy beds in the lower part of the 
shale. 

3. That water sands occur scattered through 
the formation, but their position with relation 
to the oil-filled sand lenses is not known. In 
some of the wells water has been found both 
above and below the oil, and in some logs 
water and oil are reported in the same sand. 

4. That the lenticular form of the porous 
beds and the lack of a pronoimced imcon- 
formity along which oil might migrate readily 
and near which it would tend to accumulate 
both indicate that the area wiU prove spotted — 
that the proportion of unsuccessful weUs will 
be much higher than in the main part of the 
Sunset-Midway field. 



5. That the high grade of the oil and the 
regular nature of the folding make this area 
a very promising one for future prospecting. 

In the area lying east of the fault that passes 
down Cienaga Canyon and west of a line 
through sees. 28 and 21 parallel to that fault 
and passing close to the westernmost point at 
which the axis of the Pioneer anticline is 
shown on the map (PL XLIV) the strata are 
considerably fractm*ed and are not folded in 
such a way as to form a trap in which petroleum 
would ttfid to collect. This area therefore 
appears unpromising. 

A narrow belt along the west half of the 
Pioneer anticline, between Cienaga Canyon 
and the east branch of Sunset Valley, offers 
some promise of yielding petroleum, but the 
prospect is not so good in the east end of the 
anticline. The beds are more steeply tilted, 
and the crest of the anticline, which is the 
area in which productive sands are to be 
expected, is narrower; the Vaqueros formation 
is less eroded, and in consequence the sands 
that have proved the most productive in the 
eastern half of the anticline are more deeply 
buried; and finally the Vaqueros formation 
here shows no surface indications of petroleum. 
Prospecting here should await results of further 
drilling east of Cienaga Canyon. 

OIL IN THE MCKITTBICK GROUP. 

. The general character and position of the 
McKittrick group in the east-central part of 
T. 11 N., R. 23 W., are much the same as along 
the foothills west of Taf t. The beds are alter- 
nating coarse sand and fine clay; they rest un- 
conformably upon the older formations; they 
lie on the flank of a small anticUne that passes 
through the outermost foothills and plunges be- 
neath the Great Valley; and finally they show 
in their outcrop the presence of oil. 

Only a few general conclusions may be given 
as to the probable amount of oil in the basal 
McKittrick beds here, for the area is com- 
pletely covered by alluvium, and no well that 
is north of aline drawn about S. 75^ E. from the 
southwest comer of sec. 16 has been drilled 
deep enough to test the s.ands at the base of the 
group. 

The analogy between the conditions here 
and those on the west side of Midway Valley 
appears fairly close, and it seems reasonable 
to expect that the basal beds of the McElit- 
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trick group will yield oil in parts of sees. 15 and 
16, the northeastern part of seo. 21, and parts 
of sees. 23 and 24. 

In certain ways, however, this area appears 
less promising than the belt along the foothills 
west of Midway Valley. From what little evi- 
dence the outcrops afford it seems probable 
that the dip of the oil-bearing zone is rather 
high, and that along the north edge of the area 
shown on the map (PL XLIV) the basal beds 
of the McElittrick are buried deeply, possibly 
too deeply to be reached by the drill. The 
supposition that the dip here is high is strength- 
ened by a consideration of the structure of the 
outer foothills of the San Emigdio Mountains 
east of Santiago Creek, for all along that part of 
the range the beds in the outermost hills dip at 
a high angle to the north beneath the Great 
Valley. It therefore seems reasonable to sup- 
pose that in this area, which forms the west 
end of the San Emigdio Mountains and is thus 
the western extension of the belt just described, 
the beds likewise dip northward at a fairly 
high angle. 

It 19 possible, of course, though the writer 
believes it highly improbable, that beneath the 
alluvial filling of the valley in the area north of 
the Pioneer anticline and south of the Thirty- 
five anticline the strata are folded into an- 
other anticline. The beds much more prob- 
ably lie in a regular trough or syncline that 
separates the Pioneer and Thirty-five anti- 
clines and is the extension of the Phoenix 
syncline. 

No well so far drilled has really tested this 
area. The deep well of the El Camino Co. in 
sec. 10 lies on the north flank of the syncline 
and virtually in the extension of the Thirty- 
five anticline and affords no test of the strata 
lying between the axis of the Phoenix syncline 
and the southern edge of the McKittrick group. 

In oonclusion it may be said that the pros- 
pect is good of obtaining heavy oil from the 
beds in the lower part of the McKittrick group, 
along a belt that extends from the vicinity of 
the west line of sec. 16, T. 11 N., R. 23 W., to 
the vicinity of the east line of that township. 
The south line of this belt extends from the 
vicinity of the southwest comer of sec. 16 to 
the vicinity of the southeast comer of sec. 22, 
eastward from which its oourse is probably al- 
most due east for a mile more. In sec. 2 1 south 
of this line, in the southwest comer of seo. 22, 



and in the northeastern part of sec. 28 tbe 
McE[ittrick is probably too thin to have re- 
tained commercial amounts of oil. 

BXTDISHX-BASNODOK ABSA. 

[Northeastern part of sec. 1, T. 31 S., R. 22 E.; eouth- 
westem part of sec. 5, sees. 6, 7, and 8, Bouthwestem 
part of sec. 9, southwest comer of sec. 10, S. i sec. 
14, all but northeast comer of sec. 15, sec. 16, aU but 
southwest comer of sec. 17, N. i sec. 18, T. 31 S., 
R. 23 E.] 

LOCATION AND WELLS. 

The Budisill-Bamodon area lies at the 
extreme north end of the Buena Vista Hills, 
extending from the south end of the McKittrick 
field southward to the low divide which cuts 
through sees. 9 and 17 and divides the north 
Buena Vista Hills into two parts. There were 
no producing wells in this area in 1916, nor 
were any weHs being drilled at that time. 
Deep wella have been drilled by the Union 
Oil Co. (Rudisill) in sec. 6; the Calanova, Rex 
Midway, and Mays Consolidated companies in 
sec. 8; the Standard Oil Co. (four weDs) in 
sec. 16; and the Bamodon Oil Co. in sec. 14. 
None of these wells produced oil, and in 1916 
most of them were definitely abandoned. 

GEOLOGY. 

This area lies on the two small folds, the 
Rudisill and Bamodon anticlines, which 
together form the northern of the two zones 
of upward folding that extend through the 
north half of the Buena Vista Hills. The 
general structure of this portion of the hills 
is discussed on pages 57-59. On the north- 
east the area is limited by the Buena Vista 
syncline, and on the southwest by the shallow 
and irregular structural depression that sepa- 
rates the Rudisill and Bamodon anticlines 
from the southerly zone of upward folding 
formed by the Globe and United anticlines. 

The beds along the Rudisill and Bamodon 
folds are tilted irregularly, locally to rather 
high angles, 40® or 50° being not uncommon. 
The folds are, however, clearly secondary fea- 
tures, beiog smaller than the folds that form 
the southerly zone of upward folding in the 
Buena Vista Hills — that is, the United, Globe, 
and Honolulu anticlines. The Rudisill and 
Bamodon anticlines also evidently affect the 
strata to a less depth than the more southerly 
folds. An indication of the relative unim- 
portance 'of the Bamodon fold is given by the 
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position of the syncline that separates that 
fold from the United anticline^ for, as shown 
on Plates II and UI, the syncline is much 
closer to the Bamodon anticline than to the 
United anticline. The Bamodon and Kudisill 
folds are therefore to be regarded as snrficial 
wrinkles in the flanks of a larger fold, much 
like the three small anticlines on the south 
flank of the Elk Hills. 

The relative size of the Bamodon and Rudi- 
sill anticlines is important in a consideration 
of the occurrence of petroleum, for here, jus^i 
as in the Elk Hills, the chief accumulations of 
oil seem to be along the upper parts of the 
larger folds, and, although the minor folds on 
the flanks of the larger ones, when judged from 
the surface, appear to be excellent traps for 
the collection and holding of oil, in reality 
they da not extend deep enough to affect the 
oil-bearihg measures to any great extent. 

OIL SANDS. 

Very little can be said regarding the occur- 
rence of oil in this area. The wells that have 
so far been drilled have not been commercial 
successes, for although oil and gas are reported 
to have been foxmd in most of them, the 
amounts are said to have been very small. 
It is probable, however, that if oil occurs 
within this area in any considerable amoimt 
it b in beds that occupy a position eqtiivalent 
to the C zone, which is productive in the 
southwestern part of T. 31 S., H. 23 E., just 
to the south. 

The McEdttrick group, in which the chief 
producing oil sands lie throughout the Midway 
district, thickens very greatly toward the 
northeast away from the main range. With 
the possible exception of one of the wells 
drilled by the Standard Oil Co. in sec. 16 no 
well drilled in this area has completely pene- 
trated the McEdttrick group. In this area, 
just as in the area to the south, the sands 
that show the greatest amoxmt of oil lie several 
hundred feet above the lowest beds in which 
sea sheUs are reported to occur, and it is evi- 
dent that the chief oil sands are not along 
the plane of tmconf ormity between the diato- 
maceous Maricopa shale and the overlying 
Mc^ttrick. 

Many of the wells in this area were drilled 
when very large flows of oil were being obtained 
from weUs along the axial part of the United 



anticline, just to the south, and in consequence 
a similar production was expected from wells 
along the Rudisill and Bamodon anticlines. 
Although these folds are not equal in size to the 
United and Honolulu anticlines and are not so 
isolated from the larger <8tructiu*al features, 
still they are large enough and sufficiently 
isolated to make them appear very promising 
for the accumulation of oil. Although the re- 
sults already obtained indicate that large flows 
of oil are apparently not to be expected in 
this area, it seems as if careful drilling along 
these anticlines, with systematic testing of the 
various sands which have been reported as 
* 'showing" oil, will result in wells which yield 
a moderate amount of oil. 

GAUDON-SBGOBD ASOUL 

[Southeast comer of see. 13, east edge of see. 24, north- 
east comer of sec. 25, T. 31 S., R. 22 £.; southwest 
comer of sec. 17, S. i sec. 18, sees. 19, 20, and 21, all but 
north edge of sec. 22, western part of sec. 27, sec. 28, all 
but SW. i sec. 29, N. } sec. 30, northeastern part of sec. 
33, northwest comer of sec. 34, T. 31 S., R. 23 E.] 

LOOATION AND OPERATORS. 

The Calidon-Record area occupies the central 
part of the north half of the Buena Vista Hills, 
extending from the highway that connects 
Taft and McEdttrick eastward to the highest 
point in the north half of the hills. (See geo- 
logic section, PI. XXIII.) The companies 
operating here in 1916 or controlling properties 
on which wells had been sunk prior to that 
date were the Midland Oilfields, Toronto Mid- 
way, Midway Royal, General Petroleum, Brook- 
shire, Fairfield, Calidon, United, Kern Trading 
& Oil, Associated, Record, Consolidated Mutual, 
Caribou, and CaUfomian Amalgamated. 

GEOLOOT. 

This area lies on the west end of the more 
southerly of the two zones of upward folding 
which occupy the north half of the Buena 
Vista Hills. (See pp. 57-59.) The chief anti- 
cline here is the United anticline, which ex- 
tends across the eastern part of the area and 
is a broad, gently plunging fold, the beds dip- 
ping northward and southward away from the 
axis at very moderate angles. Close to the 
axis of the anticline the beds are in places 
tilted to angles of 15 "^ to 20**, but the belt in 
which the beds are tilted as steeply as this does 
not extend more than a few hundred feet from 
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the axis. Beyond the limits of this belt the 
beds are gently inclined, the angle of inclina- 
tion being particularly low on the north flank 
of the anticline, where it is rarely more than 
5^, and in many places the beds dip at an angle 
less than the slope of the surface. The in- 
clination of the beds on the south flank of the 
fold is somewhat greater than on the north 
flank but even there is rarely more than 8^ or 
10**. The inclination of the beds is shown in 
the geologic cross section forming Plate XXIII. 
Near the west end of the area the United anti- 
cline plunges gently to the west, but the general 
zone of upward folding is continued westward 
beyond the limits of the area here described, 
by the Globe anticline. The saddle between 
the Globe and United anticlines is apparently 
pretty well marked; the United anticline 
plimges westward at a very low angle, and the 
Globe anticline eastward at a somewhat greater 
angle. 

Just east of the east end of the area the beds 
are folded into a number of small anticlines and 
synclines — ^not, as in the west end, along a sin- 
gle gentle upf old or anticline. As is explained 
in the section of the report that described the 
structure of the Buena Vista Hills (p. 59), 
these folds are in the main surface features, and 
the beds at depths of 2,000 feet or so are not 
folded into regular wrinkles like the surface 
beds, but if bent at all are fashioned only into 
structural benches. 

OIL SANDS. 

The chief oil sands in this area lie in the lower 
part of the McKittrick group, well within the 
Etchegoin formation, for fossiliferous marine 
beds are reported 500 feet or more above the 
top of the productive oil measures. The sands 
that have so far yielded oil, however, are not at 
the base of the Etchegoia, for in the deepest 
wells marine fossils typical of the Etchegoin 
are reported 600 feet or so below the top of the 
uppermost productive sands (the top of the C 
zone). "With one possible exception no well has 
been drilled completely through the Etchegoin. 
The record of the single well, which may have 
been drilled deep enough to enter the undeiiying 
diatomaceous Maricopa shale, does not give 
many data regarding the position of the top of 
the shcje. 

The oil sands extend through a zone at least 
700 feet thick. The top of this zone is corre- 
lated with the C zone, which yields the oil ob- 



tained in the eastern part of T. 31 S., R. 22 E., 
and near the center of the Midway syncline in 
the vicinity of Taf t. The uppermost sand (the 
B zone) which yields the oil in the southwest 
comer of T. 31 S., R. 23 E., and in the south 
half of the Buena Vista HiUs, apparently does 
not contain oil in this part of the region, but 
heavy flows of gas are reported in some of the 
wells at the horizon corresponding with the top 
of the B zone. The wells in which gas was en- 
coimtered at this horizon are chiefly along the 
axis of the United anticline in the eastern part 
of the area. 

It is difficidt to obtain any very definite idea 
of the character of the individual oil sands that 
make up the productive zone, for the logs re- 
port " oil sand," " sandy shale showing oil," etc., 
throughout a very thick zone, and the beds 
reported as containing oil can not be correlated 
exactly with beds reported as being oil bearing 
in a well only a few hundred feet distant. It is 
probable that the difference in the character of 
the strata as reported in the logs of the wells is 
more a difference in the drillers' interpretation 
of the character of the beds penetrated than an 
actual difference in the lithology of the beds. 
So many of the wells in this area have been 
drilled with rotary tools that the records are 
especially unreliable, and about all that it is 
possible to do from these records is to correlate 
the uppermost beds in the zone containing the 
productive oil sands. Plate XXIII is therefore 
rather less satisfactory than the other geologic 
sections (Pis. XVI-XXII, XXIV-XXXI), par- 
ticularly those showing Maricopa Flat, and the 
division of the productive zone into oil sands 
and barren strata shown in this section is very 
diagrammatic. 

Although the meagemess of the data given 
by the records of the wells in this area precludes 
as detailed or accurate an analysis of the char- 
acter of. the productive zone as can be made for 
other parts of the field, a few general features 
can be worked out,* and these are discussed 
below. 

In the east end of the area along the United 
anticline the uppermost 100 or 150 feet of the 
producing zone (the C zone) is composed of 
alternating sands containing oil and barren 
clays, possibly 40 or 50 per cent of the whole 
containing oil. Below this is a thin water sand, 
underlying which are several irregular oil sands 
or sands containing gas that make up a zone 
about 200 feet thick. A second water sand lies 
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just below these oil sands, its top being about 
300 or 350 feet below the top of the C zone. 
About 200 feet below this second water sand is 
the top of another series of producing oil sands, 
the lowermost producing oil sands yet encoun- 
tered, which have yielded oil in several of the 
wells. These oil sands extend through a zone 
100 or perhaps 200 feet thick. Only one well 
has been drilled for any great distance below 
these lower oil sands in the C zone, and its log 
records only water sands below this horizon. 

VESpB ABOVE THE FBODUCmVE ZONE. 

So many of the wells here were drilled, at 
least in part, with rotaiy tools that the records 
of the upper parts of the holes are unreliable. 
Water is not recorded in any well close to the 
top. of the C zone. Gas is reported to occur 
in many of the wells at various horizons 
throughout a zone that extends several hundred 
feet above the top of the C zone and is said to 
be particularly strong in wells along the crest 
of the United anticline in the eastern part of 
the area, at the horizon corresponding to the 
B zone of the area just to the east. Commercial 
flows of gas have been obtained in some of 
the weDs fiom strata at this horizon. 

BEDS BELOW THE FBODUOTIVB ZOKE. 

With a single possible exception no well has 
been drilled deep enough to enter the under- 
lying diatomaceous Maricopa shale. The deep 
well wBs drilled more than 1,400 feet below 
the top of the C zone, and in the lower 700 feet 
only water sands and a few sands containing 
traces of oil and gas were encountered. These 
beds are apparently deeper than any in which 
marine fossils typical of the Etchegoin forma- 
tion have been foimd, and they may or may not 
be part of the Maricopa shale. The diatoma- 
ceous shale is buried so deeply throughout 
this area, however, as to make it unprofitable 
to drill for oil in it, for experience in the parts 
of the field along the foothills of the main 
range where the shale lies at shallower depths 
has shown that oil sands in the shale are very 
lenticular and that they are usually limited 
to the axial parts of the anticline?. 

WATER SANDS. 

Tap waUr. — ^Watei sands are not recoided 
close to the top of the C zone in the log of any 
well in this area. Many of the wells, however, 
were drilled with rotary tools and their water 



strings were set close to the top of the C zone, 
so that even though the water sands are not 
recorded it is possible and indeed probable that 
they occur pretty well down in the section, for 
wells drilled in the manner in which most of 
those in this area have been drilled would not 
show the position of these top-water sands. 
The water string has been set near the top of 
the C zone in so many of the wells that future 
work in this area will probably follow the same 
practice. 

Edge and hoUom water. — ^Water * is recorded 
below the top of the C zone in sec. 22, on the 
north flank of the United anticline; in the 
southern and western parts of sec. 28, on the 
south flank, of that fold; and also in sec. 20, 
near the west end of the United anticline. 
In the axial part of the fold in the northeastern 
part of sec. 28 many of the logs do not record 
water, yet water is troublesome there, being 
produced in considerable amoimt with the oil 
by many of the wells, and it is probable that 
many wells in that vicinity have penetrated 
the water sand, which did not show much if 
any water when the well first came in. 

The wells whose logs record water are so 
scattered that it is difficult to make out just 
the position these water sands occupy in the 
section. It seems, however, that on the north 
flank of the fold there are two fairly well defined 
water sands, one lying about 100 or 150 feet 
below the top of the C zone and the other about 
200 feet deeper. Most of the wells in this area 
derive then oil from the topmost beds in the 
C zone, and many of them do not penetrate the 
C zone deeply enough to enter the upper of 
these two water sands. These sands are 
shown diagrammatically in Plate XXIII. In 
this section neither of the two water sands is 
shown as extending to the crest of the Glob^ 
anticline, for although the lower one probably 
does extend that far its exact position may not 
be determined from the records of the wells so 
far drilled. The upper sand may not extend 
to the axis of the fold but may be an edge-](vater 
sand for one of the producing oil sands higher 
in the fold. Each of the sands, however, is a 
source of dangei to the producing oil sands 
thibughout this area, for even though water 
may not now occupy the sand along the axial 
part of the United anticline it certainly will 
work its way through when the oil is extracted. 

1 See analysis 6, Table 14, and analyses 37, 38, and 30, Table 21, Part U 
(Prof. Paper 117). 
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It is not possible to correlate exactly the two 
water sands described above with ^e water 
sands that lie on the south flank of the United 
anticline. The water sand (shown on PI. 
XXIII) that lies low on the south flank of the 
fold is probably to be correlated with the sand 
that yields large flows of salt water in sec. 32, 
T. 31 S., R. 23 E., near the axis of the Midway 
Valley syncline. 

PRODUCTION. 

The production of wells in this area varies 
considerably. In general the wells in the 
western part of the area, near the structural 
depression or saddle between the Globe and 
United anticlines, have not had an initial pro- 
duction of more than a few hundred barrels 
Wells near the east end of the area in sees. 22, 
27, and 28, near the crest of the United anti- 
cline, have yielded great quantities of oil flowing 
several thousand barrels of oil daily when first 
. driUed. The gas pressure in much of this area 
has now been reduced very greatly, yet the 
wells drilled in 1916 have flowed several 
hundred barrels daily, and wells of like capacity 
can still be obtained. 

CHARACTER OF THE OIL. 

Near the western edge of the area the oil 
obtained from the C zone is all of about 20^ 
to 23^ Baum6. In the eastern part of the area, 
the crest of the United anticline, the oil ranges 
from about 22^ to 30^ Baum6; the average 
gravity is about 27** Baumfi. TTiere seems to 
be no regular difference in the gravity of the 
oO obtained from different parts of the pro- 
ductive zone, the deepest sands yielding oil no 
lighter than that obtained from the very upper- 
most sands of that zone. Wells that yield 
water produce here, as in other parts of the 
district, somewhat heavier oil than wells that 
are free from water. 

SUGGESTIONS FOR FUTURE WORK. 

Originally the B zone evidently contained 
considerable gas in much if not all of this area. 
Commercial amounts of gas have been ob- 
tained from it in some of the wells, and probably 
even now some gas might be produced if that 
zone were systematically prospected. Many 
of the weUs, however, have been drilled to 
produce oil from only the C zone, and the upper 
beds — ^those that make up the B zone, which 
yields oil and gas in the area just to the south- 



east — ^have been cased off with the water string. 
It 13 therefore probable that in much of the 
area, particularly in sec. 28, in which the wells 
are fairly numerous, the B zone is now occupied 
by water. 

Future work in exploitiog this area should 
be concerned chiefly with the extraction of 
the oil from the C zone and particularly with 
the proper handling of the water there. So 
many of the weUs have been drilled several 
hundred feet below the top of the C zone with- 
out making any attempt to ascertain the posi- 
tion of the probable water sands in that zone or 
to case off portions of the zone in which water 
might occur that a proper handling of the area 
will be very difficult. The probable position 
of the chief water sands is shown on Plate 
XXIII, and is discussed above. 

Deep drilling for possible producing oil sands 
in the diatomaceous Maricopa shale does not 
appear very promising, for this shale is buried 
so deeply that prospecting by the drill for 
small lenses of oil sand such as are to be 
expected in it will be very expensive. The 
wells that have so far been drilled indicate 
that the producing beds in the McKittrick 
group (Etchegoin formation) extend 700 feet 
or so below the top of the C zone. Drilling 
to that depth below the top of the C zone as 
shown on Plate III is worth while. 

McNEX-HcLXOD ABXA. 

[Southern part of sec. 23, Boutheastem part •! sec. 25, 
sec. 26, southeastern part of sec. 27, aU of sec. 34 except 
northwest comer, sees. 35 and 36, T. 31 8., R. 23 £.; 
southwest comer of sec. 31, T. 31 S., R. 24 E.; north- 
western part of sec. 1, aU of sec. 2 except southwest 
comer, northeastern part of sec. 3, T. 32 S., R. 23 E.] 

LOCATION AND OPERATORS. 

. The McNee-McLeod area lies in the central 
part of the Buena Vista HiUs, extending 
northward from the pass that cuts through the 
hills near the southwest comer of T. 31 S., 
R. 23 E.y and divides the hills into two parts 
to the highest point in the north half of the 
Buena Vista Hills. It extends from the 
center of Midway Valley northeastward across 
the Buena Vista Hills to the southwestern 
edge of the Buena Vista Valley. (See geologic 
sections, Pis. XXTV and XXV.) The compa- 
nies operating here in 1916 were the Standard, 
A)^ociated, Union, Kern Trading & Oil, and 
North American Consolidated. 
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GEOLOGY. 

The chief structural feature in this area is 
the United anticlinci the east end of which 
occupies the central part of the hills. This 
part of the anticline is rather different in 
character from the west end or from the 
Honolulu anticlinci which occupies the south- 
em half of the Buena Vista Hills, for instead 
of forming a simple arch, the beds in a belt 
one-half to three-fourths of a mile in width 
are bent into a number of sharp parallel 
wrinUes. The difference in the structure in 
this central part of the Buena Vista TTilk 
may be appreciated readily from an exami- 
nation of the geologic map (PI. U) or, still 
better, from an examination of the under- 
ground contour map (PL HI). These small 
anticlines and ^ynclines all plunge sharply 
southeastward to the structiu^al depression or 
saddle, in the southeast comer of sec. 36, that 
separates the United and Honolulu anticlines. 

At the surface the beds are rather sharply 
tilted close to the axes of the small folds, 
dipping in many places, especially along the 
eastern edge of this closely folded belt, at 
angles of 30^ to 40°. Excellent exposures of 
the beds in this belt are shown in the sides 
of the gulch that cuts through the hills near 
the southeast comer of sec. 36. 

All the folds flatten at considerable depth, 
and beds that are buried 2,000 feet or so are 
less sharply flexed than the surface beds. 
However, even at that depth the beds are 
folded to a noticeable degree, as is shown by 
the contours drawn on the top of the produc- 
ing oil zone (PI. HI). 

A detail of the structure that is of lesser 
importance than the main upward foldiag but 
ia still important in the consideration of the 
accnmulation of oil is the flattening of the 
dip, or the formation of a structural bench, 
in the northeast comer of sec. 34 and the 
northwestern part of sec. 35. As is ex- 
plained in the section dealing with the struc- 
ture in the Buena Vista Hills (p. 58), this 
irregular flattening of the dip is really to be 
considered, together with a similar flattening 
in sees. 1 and 6, as the northwestern exten- 
sion of the Sixteen anticline. The difference 
in the structure of the stu^ace beds and that 
of the beds which contain oil is very marked 
in this part of the area, for the surface beds 



are bent into a fairly well defined though 
strongly plunging anticline, whereas the beds 
at depths of 1,800 to 2,000 feet show only 
irregular flattening or benching. 

OIL SANDS. 

As in the other parts of the Buena Vista 
EGUls the j»oducing oil sands in this area lie 
entirely within the Etchegoin formation but 
not at the base of that formation. It is 
probable that no well has yet penetrated all 
the Etchegoin formation, for fossiliferous beds 
have been found at depths of 350 feet below 
the top of the C zone. The stratigraphically 
deepest wells have penetrated beds that lie 
500 or 600 feet below the top of the C zone. 
The lowest beds encountered in zone C are 
not fossiliferous, but to judge from the results 
obtaiaed in the deep wells in the area just 
west of tins one these beds are also part of the 
Etchegoin formation. 

The uppermost producing sands in this area 
are correlated with the B zone of the foothill 
area west of Taft. This correlation is exceed- 
ingly rough, for the beds may not lie at pre- 
cisely the same horizon, but they lie at approxi- 
mately the same distance above the top of the 
C zone, which affords the only basis for corre- 
lation across the Midway VaDey syndine. 
Below the top of the B zone oil sands have been 
encoimtered at various positions in a zone some 
800 feet thick. Very few of the weDs penetrate 
all of this zone, and most of them, particularly 
those that were drilled first, derive their oil 
from beds that lie no more than 200 or 300 
feet below the top of the B zone. 

It is very diflicult to make any exact division 
of this producing zone into two parts which 
may be correlated with the B and C zones, for 
it is only along the outer edge— that is, away 
from the main closely folded belt near the axis 
of the United anticline — that the upper sands 
(the B zone) become dry or contain water, 
and the chief productive sands lie in the lower 
or C zone. 

In sec. 36 all the folds plunge strongly 
toward the southeast, and in this part of the 
area the upper or B zone contains oil. North- 
westward from sec. 36 the B zone contains less 
and loss oil and more and more gas. A very 
instructive section is given by the wells drilled 
along the axis of the most easterly of the anti- 
clines in the closely folded belt — that is, the 
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fold that cuts through the center of sec. 26 
and plunges beneath the Buena Vista Valley 
.near the center of the east line of sec. 36. 
The sands that have yielded gas in great 
amounts in sec. 26 appear to be the sands that 
contain oil lower on the plimge of the fold in 
sees. 25 and 36. The same tendency for gas 
to occupy the sands high on the anticline is 
shown by the sands where they lie along the 
axial part of the main or United anticline, 
which passes almost exactly through the north- 
west comer of sec. 36. Even the sands which 
form the uppermost part of the lower or C 
zone appear to contain much more gas and less 
oil in sec. 26 than down the pltmge of the fold 
in sec. 36. 

The relation of the large producing wells in 
this area to the structure is very interesting, 
for the large flowing wells obtained by the 
Standard Oil Co. in sec. 36 appear to have no 
very definite relation to the several small folds, 
lai^e weDs being obtained alike in the centers 
of the small synclines or along the crests of the 
small anticlines. The relation noted in the 
paragraphs just preceding between the oil 
sands low on the plunge of the folds and the 
gas sands higher on the folds seems to be the 
chief effect of the smaller structural features 
on the accumulation of oil. 

BEDS ABOVE THE PRODUCING OIL SANDS. 

Practically no well in this area, according to 
the record, foimd water close to the top of the 
B zone. Many of the wells, however, were 
drilled with rotary tools, no record being kept 
of the water sands above the point at which 
the water string was set, and it is probable that 
water occurs pretty close to the top of the B 
zone. The practice of setting the water string 
close to the top of the oil sands has been 
followed so long that it is probable that the 
gas sands lying above the top of the B zone 
can not be handled commercially at present 
except perhaps in certain parts of the field 
where there are only a few wells. These sands 
were of course mudded off in most wells, but 
it is rather to be doubted whether the gas sands 
can ever be artificially so completely sealed as 
to retain the gas perfectly. 

In many of the weUs, particularly those in 
sec. 26, gas was noted 200 to 300 feet above the 
top of the B zone, and some of the wells have 
yielded commercial amoxmts of gas from beds 



at about this horizon. The attempt has beeii 
made to produce gas in only one or two of the 
wells down the plunge of the fold, for in most 
of the wells gas is not recorded as being espe- 
cially strong there. 

WATEB SANDS. 

Top water. — Only a single log has recorded 
water fairly close to the top of the B zone. 
In this log a small water sand is recorded about 
350 feet above the top of that zone. Many of 
the wells have been drilled with rotary tools, 
and no record has been kept of the upper water 
sands, but it is probable that water actually 
occurs close above the B zone in much of the 
area, just as it does in other areas in the Mid- 
way district. There should, however, be no 
trouble in casing off the top water by setting 
the water string fairly close to the top of the 
B zone. 

. Bottom or edge vxUer. — Records of the wells 
that have been drilled here are surprisingly free 
from any mention of water with the oil sands. 
Farther northwest along the United anticline 
water is noted at two or more horizons within 
the C zone, the B zone there not being produc- 
tive of oil. Very little water, however, is re- 
corded in the logs of the deep wells which have 
been drilled near the point where the United 
anticline plunges southward, in the central 
parts of sees. 26 and 36. On the west side of 
the Midway Valley syncline very strong flows 
of water are obtained from a sand that lies 100 
feet or so below the top of the C zone, and this 
water sand has given a great deal of trouble in 
sec. 32, T. 31 S., R. 23 E. Its approximate 
position is shown on Plate XXIV, and in more 
detail on Plates XIX-XXI. It may be that 
water does not actually occupy the sand at this 
horizon on the east side of tiie Midway Valley 
syncline, but as soon as the oil which now occu- 
pies that sand is removed the water will move 
eastward across the syncline and sooner or later 
appear in the wells that produce oil from the C 
zone in that part of the area. 

Too few wells have yet been drilled in the 
southwestern part of the area here discussed — 
that is, near the axis of the Midway VaDey syn- 
cline — to permit any definite statements re- 
garding the occurrence of water in the B zone.* 
From the conditions which prevail on the west 
side of the syncline it seems almost certain that 

> See analysis 43, Table 22, Part II (Prof. Paper 117). 
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the B zone is now and was originally occupied 
by water near the central part of the valley, 
weU down toward the axis of the Midway Valley 
syncline. The wells that now depend upon the 
B zone— <^rtain wells in sees. 35, 36, and 2 — 
will probably be troubled by edge water work- 
ing eastward. 

In a similar way water which lies 100 feet or 
so below the top of the zone in sec. 32 will 
probably work eastward and appear in the wells 
near the southeast comer of T. 31 S., R. 23 E. 
The approximate position of this water sand is 
indicated on Plate XXIV. 

The lack of water in sands interdigited with 
the oil sands in this part of the area is re- 
markable when this area is compared with other 
parts of the Midway Valley field, especially with 
Maricopa Flat. So many wells have been drilled 
without jrielding much if any water with the oil 
that the original absence of such water seems to 
be pretty well established. The fact is evident, 
however, that water occurs in the producing 
zone both near the center of the Midway Valley 
syncline and on the west flank of that syncline. 
With the extraction of oil from the area along 
the United anticline this water is bound to work 
eastward and sooner or later to appear in the 
producing wells. 

Only three or four logs have rec<wded water 
in the C zone in this area. The water they re- 
cord lies 200 to 400 feet below the top of the B 
zone and thus in a measure corresponds in po- 
sition to the big water sand on the west flank 
of the Midway Valley syncline in sec. 32, T. 31 
S., R. 23 E. The wells whose logs record this 
sand lie on the east side of the closely folded 
belt near the south end of the United anticline, 
however, and the wells between these weUs 
which have found water and the Midway Valley 
syncline did not find water at this horizon. 
Therefore no definite correlation can be made 
between the water sands in the two areas. 

PRODUCTION. 

Many of the wells hi this area had an excep- 
tionally high production when first brought in, 
the initial rating of more than twenty of them 
being 1,000 barrels or more a day. An indica- 
tion of the richness of this part of the district is 
shown by the record of production from sec. 36. 
According to the published statement of the 
Standard Oil Co.^ that section had produced 
prior to March 1, 1915, more than 10,000,000 

i Standard Oil Boll., vol. 2, No. 11, March, 1915. 



barrels of oil, and at that time the daily produc- 
tion was about 11,500 barrels. The daily pro- 
duction has decreased somewhat, but up to 
July 1, 1917, the section had probably pro-' 
duced at least 7,000,000 barrels more oil. 

CHABAOTEB OF THE OIL. 

The oil in this area ranges in gravity from 
about 24^ to a little more than 30° Baum6. 
There seems to be a slight difference in gravity 
of oil obtained from the B zone and that ob- 
tained from the C zone. The difference, how- 
ever, is most marked in the outer edge of the 
belt in which the B zone is productive, for 
there the B zone contains heavier oil than it 
does near the axial part of the anticline. The 
fact that the oil is heavier in that part of the 
area is probably due to the presence of edge 
water in the immediate vicinity. Although 
th6 difference in gravity of the oil is slight, it is 
usually a pretty fair guide, even in the axial 
part of the United anticline, as to the sand from 
which the oil is derived, for oil heavier than 
25® Baum6 is pretty certain to come from the 
B zone. 

SUGGESTIONS FOR FUTURE WORK. 

This area is one of the richest in the whole 
district, many of the wells here having had an 
initial production of thousands of barrels 
daily. Part of the area, including sec. 36 and 
the parts of the sections bordering it on the 
north, west, and south, is now so thoroughly 
drilled that the gas pressure is evidently 
greatly reduced, and, although some of the 
wells drilled in 1917 flowed more than 1,000 
barrels a day at first, it is not to be expected 
that so many large wells will be obtained here 
in future. It is safe, however, to predict that 
a very great many of the wells to be drilled 
in this area will have an initial production of 
several himdred barrels daily. The producing 
sand is so thick here that the wells are fairly 
long-lived. 

The chief trouble to be expected here is the 
workjng eastward of edge water in both the B 
and C zones. This is discussed in some detail in 
the section describing the water sands (p. 156). 
This water can be handled properly only after a 
carefxil study is made of the history of the indi- 
vidual wells, and a systematic record kept of the 
percentage of water made by each well. Sooner 
or later water will flood out the western part of 
the area and gradually work eastward up tho 
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fold that cuts through the center of sec. 26 
and plunges beneath the Buena Vista Valley 
.near the center of the east line of sec. 36. 
The sands that have yielded gas in great 
amounts in sec. 26 appear to be the sands that 
contain oil lower on the plunge of the fold in 
sees. 25 and 36. The same tendency for gas 
to occupy the sands high on the anticline is 
shown by the sands where they lie along the 
axial part of the main or United anticline, 
which passes almost exactly through the north- 
west comer of sec. 36. Even the sands which 
form the uppermost part of the lower or C 
zone appear to contain much more gas and less 
oil in sec. 26 than down the plunge of the fold 
in sec. 36. 

The relation of the large producing wells in 
this area to the structure is very interesting, 
for the large flowing wells obtained by the 
Standard Oil Co. in sec. 36 appear to have no 
very definite relation to the several small folds, 
lai^e wells being obtained alike in the centers 
of the small synclines or along the crests of the 
small anticlines. The relation noted in the 
paragraphs just preceding between the oil 
sands low on the pliuige of the folds and the 
gas sands higher on the folds seems to be the 
chief effect of the smaller structural features 
on the accumulation of oil. 

BEDS ABOVE THE PRODUCING OIL SANDS. 

Practically no well in this area, according to 
the record, foimd water close to the top of the 
B zone. Many of the wells, however, were 
drilled with rotary tools, no record being kept 
of the water sands above the point at which 
the water string was set, and it is probable that 
water occurs pretty close to the top of the B 
zone. The practice of setting the water string 
close to the top of the oil sands has been 
followed so long that it is probable that the 
gas sands lying above the top of the B zone 
can not be handled commercially at present 
except perhaps in certain parts of the field 
where there are only a few weUs. These sands 
were of course mudded off in most wells, but 
it is rather to be doubted whether the gas sands 
can ever be artificially so completely sealed as 
to retain the gas perfectly. 

In many of the wells, particularly those in 
sec. 26, gas was noted 200 to 300 feet above the 
top of the B zone, and some of the wells have 
yielded commercial amoimts of gas from beds 



at about this horizon. The attempt has been 
made to produce gas in only one or two of the 
wells down the plunge of the fold, for in most 
of the wells gas is not recorded as being espe- 
cially strong there. 

WATEB SANDS. 

Top water, — Only a single log has recorded 
water fairly close to the top of the B zone. 
In this log a small water sand is recorded about 
350 feet above the top of that zone. Many of 
the wells have been drilled with rotary tools, 
and no record has been kept of the upper water 
sands, but it is probable that water actuaDy 
occurs close above the B zone in much of the 
area, just as it does in other areas m the Mid- 
way district. There shoidd, however, be no 
trouble in casing off the top water by setting 
the water string fairly close to the top of the 
B zone. 

. Bottom or edge water. — Records of the wells 
that have been drilled here are surprisingly free 
from any mention of water with iJie oil sands. 
Farther northwest along the United anticline 
water is noted at two or more horizons within 
the C zone, the B zone there not being produc- 
tive of oil. Very little water, however, is re- 
corded in the logs of the deep wells which have 
been drilled near the point where the United 
anticline plunges southward, in the central 
parts of sees. 26 and 36. On the west side of 
the Midway Valley syncUne very strong flows 
of water are obtained from a sand that lies 100 
feet or so below the top of the C zone, and this 
water sand has given a great deal of trouble in 
sec. 32, T. 31 S., R. 23 E. Its approximate 
position is shown on Plate XXIV, and in more 
detail on Plates XIX-XXI. It may be that 
water does not actually occupy the sand at this 
horizon on the east side of tiie Midway Valley 
syncline, but as soon as the oil which now occu- 
pies that sand is removed the water will move 
eastward across the syncline and sooner or later 
appear in the wells that produce oil from the C 
zone in that part of the area. 

Too few wells have yet been drilled in the 
southwestern part of the area here discussed^ 
that is, near the axis of the Midway VaDey s\ti- 
cline — to permit any definite statements re- 
garding the occurrence of water in the B zone.* 
From the conditions which prevail on the west 
side of the syncline it seems almost certain that 

1 See aDalysfs 43, Table 22, Part II (Prof. Paper 117). 
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the B zone is now and was originally occupied 
by water near the central part of the vaUey, 
well down toward the axis of the Midway Valley 
syncline. The wells that now depend upon the 
B zone — certain wells in sees. 35, 36, and 2 — 
will probably be troubled by edge water work- 
ing eastward. 

In a similar way water which lies 100 feet or 
so below the top of the C zone in sec. 32 will 
probably work eastward and appear in the wells 
near the southeast comer of T. 31 S., R. 23 E. 
The approximate position of this water sand is 
indicated on Plate XXIV. 

The lack of water in sands interdigited with 
the oil sands in tins part of the area is re- 
markable when this area is compared with other 
parts of the Midway Valley field, especially with 
Maricopa Flat. So many wells have been drilled 
without yielding much if any water witix the oil 
that the original absence of such water seems to 
be pretty well established. The fact is evident, 
however, that water occurs in the producing 
zone botix near the center of the Midway Valley 
syncline and on the west flank of that syncline. 
With the extraction of oil from the area along 
the United anticline this water is bound to work 
eastward and sooner or later to appear in the 
producing wells. 

Only three or foiu: logs have reoM'ded water 
in the C zone in this area. The water they re- 
cord lies 200 to 400 feet below the top of the B 
zone and thus in a measure corresponds in po- 
sition to tile big water sand on the west flank 
of the Midway Valley syncline in sec. 32, T. 31 
S., R. 23 E. The wells whose logs record this 
sand lie on the east side of the closely folded 
belt near the south end of the United anticline, 
however, and the wells between tiiese weUs 
which have found water and the Midway Valley 
syncline did not find water at tiiis horizon. 
Therefore no definite correlation can be made 
between the water sands in the two areas. 

PRODUCTION. 

Many of the wells in this area had an excep- 
tionally high production when first brought in, 
the initial rating of more than twenty of them 
being 1,000 barrels or more a day. An indica- 
tion of the richness of this part of the district is 
shown by the record of production from sec. 36. 
According to the published statement of the 
Standard Oil Co.* that section had produced 
prior to March 1, 1915, more than 10,000,000 

1 Standard Oil Ball., yol. 2, No. 11, March, 1915. 



barrels of oil, and at tiiat time the daily produc- 
tion was about 1 1 ,500 barrels. The daily pro- 
duction has decreased somewhat, but up to 
July 1, 1917, the section had probably pro-' 
duced at least 7,000,000 barrels more oil. 

CHABACTER OF THE OIL. 

The oil in this area ranges in gravity from 
about 24^ to a little more than 30^ Baum6. 
There seems to be a slight difference in gravity 
of oil obtained from the B zone and that ob- 
tained from the C zone. The difference, how- 
ever, is most marked in the outer edge of the 
belt in which the B zone is productive, for 
there the B zone contains heavier oil than it 
does near the axial part of the anticline. The 
fact that the oil is heavier in that part of the 
area is probably due to the presence of edge 
water in the immediate vicinity. Although 
thd difference in gravity of the oil is slight, it is 
usually a pretty fair guide, even in the axial 
part of the United anticline, as to the sand from 
which the oil is derived, for oil heavier than 
25^ Baum6 is pretty certain to come from the 
B zone. 

SUGGESTIONS FOR FUTURE WORK. 

This area is one of the richest in the whole 
district, many of the wells here having had an 
initial production of thousands of barrels 
daily. Part of the area, including sec. 36 and 
the parts of the sections bordering it on the 
north, west, and south, is now so thoroughly 
drilled that the gas pressure is evidently 
greatly reduced, and, although some of the 
wells drilled in 1917 flowed more than 1,000 
barrels a day at first, it is not to be expected 
that so many large wells will be obtained here 
in future. It is safe, however, to predict that 
a very great many of the wells to be drilled 
in this area will have an initial production of 
several hundred barrels daily. The producing 
sand is so thick here that the wells are fairly 
long-lived. 

The chief trouble to be expected here is the 
working eastward of edge water in both the B 
and C zones. This is discussed in some detail in 
the section describing the water sands (p. 156). 
This water can be handled properly only after a 
careful study is made of the history of the indi- 
vidual wells, and a systematic record kept of the 
percentage of water made by each well. Sooner 
or later water will flood out the western part of 
the area and gradually work eastward up the 
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more deeply, and their logs do not record water. 
It may be that this water sand is very lenti- 
cular, but its occurrence at so many points in 
this part of the Buena Vista Hills indicates 
that it is more probably fairly persistent, or at 
least that there are a number of lenses at this 
horizon and that wells which penetrate the C 
zone more deeply than 200 feet should vse 
particular care in testing for water at approxi- 
mately 200 to 300 feet below the top of the C 
zone. (See PL XLV, A, B.) 

PEODUCTION. 

The original production of many of the weUs 
in this area has been large, for at least 24 of 
them have an initial daily production of more 
than 1,000 barrels, and a somewhat greater 
number have produced at first between 400 and 
1,000 barrels. The two best producing wells 
in this area are Honolulu well No. 1, in sec. 8, 
T. 32 S., R. 24 E., and KertL Trading & Oil Co. 
well No. 25, in sec. 1, T. 32 S., R. 23 E. The 
Honolulu well commenced producing in Octo- 
ber, 1911, and according to reports in the press 
3rielded at first 5,000 barrels or more daily and 
during the first few months averaged about 
2,000 barrels. This well is said to have pro- 
duced continuously at a rate of 900 to 1,000 
barrels daily up to at least January, 1916, and 
probably somewhat later. The Kern Trading 
& Oil Co. well was brought in some time in 
January, 1916, and is said to have produced at 
a rate of 5,000 or 6,000 barrels daily dming the 
first 30 days. Its daily rating continued to 
be more than 2,000 barrels during the next 18 
months. These two wells are, of course, excep- 
tionally large and steady producers, but other 
wells that yielded a very large amount of oil 
daily have likewise shown a low rate of decrease. 

Many of the wells in the south half of the 
Buena Vista Hills have been drilled only to the 
gas sands that overlie the B zone, and these 
wells produce dry gas. It is chiefly from these 
wells and from liie wells in sees. 22 and 26, T. 
31 S., R. 23 E., in the north half of the Buena 
Vista Hills, that the line supplying Los Angeles 
derived its gas in 1916. 

CHARACTER OF THE OIL. 

The oil obtained from the uppermost part of 
the productive zone — that is, the B zone — ^is 
slightly heavier than that obtained^ from the 
lower sands of the C zone. Wells producing 
from the B zone yield oil of 22*^ to 27° Baumfi. 



Wells producing entirely from the C zone yield 
oil that ranges from about 25° to a little more 
than 31° Baum^. Most of the wells produce 
oil from both zones, and the mixed oil is usually 
of less than 30° Baumi. 

There is considerable variation in the method 
of handling the wells, and the gravity of the oil 
produced appears to vary somewhat with the 
method of production — ^for example, according 
to whether or not the oil has run through gas 
traps. Even the pressure maintained in the 
gas trap appears to have some effect upon the 
gravity of the oil. 

SUOOESTIONS FOB FUTURE WORK. 

This area contains greater reserves of pe- 
troleum than any other part of the Midway 
district, and although wells are fairly thick in 
certain portions of it — ^for instance, in sec. 16 — 
most of the area is still (1917) sparsely drilled. 
Fortimately this part of the field is now in the 
hands of large operating companies, and it 
will be possible, if the legal status of the lands 
is settled within a reasonable time, to formu- 
late and follow some rational policy of devel- 
opment. 

The drilling which has so far been done 
shows that, a zone some 700 feet thick, the 
upper part of which is mapped in Plate HI as 
the B zone, contains productive oil sands. 
Water has been found in this zone at one or 
two places — on the north flank of the Hono- 
lulu anticline, near its east end, and in at 
least one well along the Sixteen anticline. 
This water lies approximately 600 feet below 
the top of the B zone. Although it has not 
been recognized in many of the wells that have 
been drilled to a greater depth, any well which 
goes deeper than 600 feet below the top of the 
B zone should test the sands carefully at that 
horizon for water. No well has yet gone 
through the Etchegoin formation and entered 
the diatomaceous Maricopa shale, and imtil 
that shale is reached the full thickness of the 
upper productive zone is not penetrated. 
Down the plunge of the anticline the deep weUs 
of the Pyramid Oil Co. have not passed through 
the entire thickness of the Etchegoin, but 
they have shown that the measures which 
contain oil higher on the fold are in tlus part of 
the area dry or contain only gas. 

Future work in this area should be con- 
cerned chiefly with the efficient draining of the 
oil and gas sands so far recognized. Many of 
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the operators disregard the gas sands that lie 
just above the B zone, but as those sands are 
capable of yielding a very considerable amount 
of gas they should be exploited. The Honoltdu 
Consolidated and Kern Trading & Oil companies 
are doing this in parts of the area. Along the 
axial part of the fold the B zone is productive, 
but down the flank of the fold this zone 
probably contains water, although there is no 
record of it in the well logs, and away from the 
axial part of the fold the C zone must be 
regarded as the probable productive zone. It 
is probable that the area lying on the flat top 
of the dome contains most of the really pro- 
ductive oil land and that the area from which 
much oil will be obtained lies within the area 
shown by contours on Plate III. 

In this area, where the structure ia so well 
marked and so regular, it is probable that the 
underlying diatomi^^eous Maricopa shale is 
also strongly folded. It is along just such 
strong folds as these that in other areas, nota* 
bly in the Belridge-Lost Hills district, sandy 
lenses in the diatomaceous shale contain com- 
mercial amounts of oil. When the sands in 
the Midway district that form the upper pro- 
ductive zone — ^that is, the sands in the Etche- 
goin formation — are drained, it will probably 
be found profitable to prospect the underlyiog 
diatomaceous shale along the Honolulu anti- 
cline. Such prospecting must, however, await 
the time when the price of oil is higher tiian at 
present and when the operators are prepared 
to take greater risks, for drilling for isolated 
lenses in the shale will always be costly, as the 
relative niunber of dry holes will be much 
larger than when drilling is done only for the 
upper and more sheetlike sand of the Etchegoin. 

SOUTHBASTKaN PABT OF T. 88 8., B. 84 B., AND 
OUTSHBTS OF MABICOPA FLAT. 

Several deep weUs, none of which have obtained 
commercial amounts of oil, have been drilled in 
the southeastern part of T. 32 S., R. 24 E., in 
the western part of T. 32 S., R. 25 E., at the 
edge of the Buena Vista Hills ; and in Maricopa 
Flat east and south of the Thirty-five anti- 
cline. Some of these wells have been drilled 
deep enough to give the area a pretty thorough 
test; but others, although deep, have not been 
drilled deep enough to reach sands that may 
possibly contain oil. 

109288°— 19 11 



The wells of chief importance here are those 
of the Pyramid Co. in sec. 18, T. 32 S., R. 25 E; 
the Lakeview Annex in sec. 26, the Lakeview 
No. 2 Co. in sec. 26, and the Golden Gate Co. 
in sec. 36, T. 32 S., R. 24 E.; the Comstock 
Chide in sec. 34, T. 12 N., R. 23 W.; the El 
Camino in sec. 10, and the Bronco, Maricopa 
Producers, and Sunset Extension in sec. 8, 
T. 1 1 N., R. 23 W. These wells are all situated 
low on the structural features that control the 
accumulation of oil in this part of the field — 
the Honolulu and Thirty-five anticlines — and 
on the flank of the main range southeast of 
Sunset. 

It is impossible to predict, from a considera- 
tion of the structure alone, the location of the 
boundaries of the area about one of these anti- 
clines beneath which the sands contain com- 
mercial amounts of oil, for it is only by drilling 
that the limits of this area may be ascertained. 
It is possible, however, to indicate certain gen- 
eral features governing the occurrence of oil 
in this area which may be of service in guiding 
test drilling. In considering the possible occur- 
rence of oil in areas low on the flanks of these 
anticlines or near the axes of synclines it should 
always be remembered that the sands under- 
lying such areas are deeper than those imder- 
lying areas along the axes of the anticlines, not 
only because the dip carries the beds that con- 
tain oil along the anticlines to greater and 
greater depths toward the axes of the synclines, 
but. also because of the fact that the oil, if 
present in the sjmclines, occurs in sands that 
are stratigraphically lower than the sands 
which contain oil along the anticlines. This 
fact, which has been mentioned again and again 
in the preceding pageis, is excellently shown in 
Maricopa Flat, in sec. 32, T. 12 N., R. 23 W. 
Even a cursory examination of the structural 
sections (Pis. XXVHI-XXX) will enable the 
reader to understand the general position of 
the oil sands in the different parts of the folds. 

In the southeastern part of T. 32 S., R. 24 E., 
to judge from the results obtained in wells along 
the south edge of the Buena Vista Hills and 
those northeast of Kerto, the upper sand — the 
B zone, which is contoured on Plate III — ^is 
dry or is occupied by water, and oil, if it under- 
lies this area, is to be expected only from sands 
that lie below the top of the C zone, which is 
shown by contours for the south end of the 
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Buena Vista Hills, or below the flowing-water 
sand that underlies Maricopa Flat. 

Two of the wells in this area have been 
drilled about 500 or 600 feet below what appears 
to be the top of the C zone but have not found 
commercial amounts of oil. Neither have they 
completely penetrated the Etchegoin forma- 
tion, for in the stratigraphically deeper of the 
two wells fossils are reported in the lowest beds 
penetrated. The well of the Golden Gate Co. 
in sec. 36 is of interest, as it lies fairly close to 
the highly productive part of Maricopa Flat. 
This well is said to have been drilled to a depth 
of a little more than 4,000 feet. Apparently it 
was not drilled deep enough to reach the sands 
that underlie the big flowing-water sand in sec. 
32. It shows, however, that the upper sand — 
the B zone, contoured on Plate III — ^is dry in 
this part of the area. 

The well of the El Camino Co. in sec. 10, 
T. 11 N., R. 23 W., is said to have been drilled 
to a depth of 4,800 feet. This well is directly 
in line with the continuation of the Thirty-five 
anticline and therefore should give some idea 
as to the extent of the productive area along 
that fold. If the anticline continues to plunge 
southeastward at the rate it plunges in sec. 4, 
the top of the B zone should lie at a depth of 
about 3,200 feet — about 1,000 feet deeper than 
it lies near the center of sec. 4. It is to be 
expected that this upper sand is dry so far 
down the plunge of the anticline, and that if 
oil occurs here it is in sands equivalent to those 
which underlie the sand that yields flowing 
water in sees. 4 and 32 — that is, in sands lying 
more than 600 feet below the top of the B zone. 
This well has apparently been drilled deep 
enough to t^t the most promising sands if the 
structure is regular between sees. 4 and 10. It 
is qtute possible, however, that the fault which 
trends northeastward along Cienaga Canyon 
continues this far to the northeast and, inter- 
rupting the regularity of the structure, upsets 
the above calculation. 

The wells in sec. 8, T. 11 N., R. 23 W., have 
apparently been drilled deep enough to en- 
counter the upper sand which is productive 
in Maricopa Flat (the B zone). The succes- 
sion of beds penetrated by these wells below 
this sand believed to be the equivalent of the 
top of the B zone resembles closely the suc- 
cession of beds penetrated by the wells in the 
vicinity of the town of Maricopa, which have 
entered the Maricopa shale. The log of one 



of the wells in sec. 8, however, reports fossil 
shells at a depth of about 900 feet below the oil 
sand believed to mark the top of the B zone. 
Were it not for this reported occurrence of 
fossils it would appear probable that these 
lower beds are actually part of the Maricopa 
shale, and that the overlying McKittrick group 
is wedged out rather abruptly in this direction 
just as it is wedged out toward the west along 
the axis of the Thirty-five anticUne. Most of 
the wells in sec. 8 have encountered heavy 
flows of saline water below the oily beds marking 
the top of the B zone. The beds in the B zone 
here do not appear to contain oil in commercial 
amounts. 

AREAS ADJACENT TO THE SUNSET-MmWAT 

FIELD. 

Certain areas lying within the region covered 
by the geologic map (PL II) but mainly outside 
the part of that region shown on the detailed 
map of the Sunset-Midway field (PI. Ill) are 
prospective oil lands, but these areas are 
either still to be tested by the drill or are irt 
present so sparsely drilled that as detailed an 
analysis of the character and position of the 
productive oil lands as is given in the preced- 
ing description of the productive fields can not 
be given for them. The following paragraphs 
discuss the prospective value of these lands as 
judged chiefly from a consideration of the 
geologic structure as interpreted from the ex- 
amination of the surface exposures. 

XZiK BILLS. 
OEOLOGT. 

Broadly considered the structure of the Elk 
Hills is that of an anticline or dome, the highest 
part or axis of which trends southeastward 
from the vicinity of McKittrick to the north 
end of Buena Vista Lake, passing through the 
highest part of the hills. In reality the struc- 
ture is not that of a single fold, for there are a 
number of anticlines and synclines, but most 
of these folds are small and probably not deep, 
and so far as the accumulation of oil is con- 
cerned the effect of all of them taken together 
is essentially the same as that of a single laige 
upward fold. The central part of the area 
which this group of folds occupies — ^in other 
words, the central part of the Elk Hills — ^is 
structurally the most favorable part for the 
accumulation of oil. The location of this 
most favorable area may be described roughly 
by saying that it forms a belt that extends for 
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a distance of a mile or so on each side of a line 
drawn from the vicinity of the southeast comer 
of sec. 34, T. 30 S., R. 24 E., northwestward 
to the yicinity of the center of the south line of 
sec. 21, T. 30 S., R. 23 E. The area thus de- 
scribed does not necessarily include all the 
prospective oil land, but it is structurally the 
most promising part of the field and shoidd be 
the part first to be tested. 

The producing oil sands in the Elk Hills lie 
in the Etchegoin fonnation and probably, 
like the oil sands in the Buena Vista Hills, are 
scattered through a zone several hundred feet 
thick. Also as in the Buena Vista Hills the 
zone containing these oil sands is not neces- 
sarily at the base of the Etchegoin, for it seems 
probable that the sands which have 3aelded 
most of the oil in the Elk WHb lie several 
hundred feet above the top of the diatoma- 
oeous shale that imderlies the Etchegoin. 

The wells in the central part of the hiOs 
start in the Paso Robles fonnation strati- 



graphically 1,000 feet below the uppermost 
Paso Robles beds that are exposed in the edge 
of the hills. Fresh-water fossils are reported 
to have been found in these wells at a depth of 
about 1,300 feet, below whioh lie 1,000 feet of 
beds from which no fossils have been obtained 
and which may be either part of the Etchegoin 
or part of the Paso Robles. At a depth of 
about 2,400 feet Etchegoin fossils have been 
obtained. From the data available it appears 
that no well so far drilled in the Elk Hills has 
oompletely penetrated the Etchegoin and 
entered the underlying Maricopa shale. 

WELLS DBILLED. 

The following wells have been drilled in the 
Elk Hills. These wells are chiefly on the 
south slope and along the higher parts of the 
hills, in the htit noted above as being struo- 
tundly the most favorable for the accumula- 
tion of oil. 



WdU driUed in the Elk HUh. 



Location. 



Quarter. 


Section. 


Town- 
ship. 


1 
Range. 


SE. 


20 


30 


23 


NE. 


22 


30 


23 


SW. 


22 


30 


23 


SE. 


22 


30 


23 


NE. 


24 


30 


23 


NW. 


24 


30 


23 


SW. 


24 


30 


23 


SE. 


24 


SO 


23 


SW. 


26 


80 


23 


NW. 


26 


30 


23 


NE. 


26 


30 


23 


SE. 


26 


30 


23 


SW. 


28 


30 


23 


NE. 


90 


30 


23 


SW. 


32 


30 


23 


SW. 


30 


30 


24 


SE. 


1 


31 


23 


SE. 


2 


31 


23 


NE. 


10 


31 


23 


SE. 


11 


31 


23 


NE. 


13 


31 


23 


SW. 


14 


31 


23 


SE. 


2 


31 


24 


SE. 


3 


31 


24 


SW. 


4 


31 


24 


SE. 


4 


31 


24 


NE. 


5 


31 


24 


NE. 


7 


31 


24 


NE. 


8 


31 


24 


SW. 


9 


31 


24 


NW. 


10 


31 


24 


SE. 


11 


31 


24 


NW. 


12 


31 


24 


NE. 


18 


31 


24 


SE. 


18 


31 


24 



Company. 



Scottish OUfieldfl Go. 
AaBodated Oil Go. . . . 
do 



.do. 
.do. 
.do. 
.do. 
do. 
.do. 
.do. 
.do. 



do 

HiUcrestOilGo 

Redlands (HI Go 

Midway P^icific Oil Co.. 

AflBodated Oil Go 

P.J. Carmen 

Combination Midway Co. 

Mercedes Oil Co 

Hart Oil Co 

do 



BamodonOilCo 

East Midway Oil Co 

Elk Hills Midway Co 

Green-A Hutchinson 

Section 4 Oil Co., or Potter, Reed A Taylor. 

Associated Oil Co 

Elk Hills Oil Co 

do 



do 

General Petroleum Co. 

Monsoon Oil Co 

Midway Valley Oil Co. 

Kern Midway Oil Co. . 

.....do 



WeU 
No. 



1 
3 



2 

1 



Depth 

(feet). 



4,005 
1,480 
2,980 
1,185 
70 
1,291 
3,887 
1,187 
4,090 

332 

518 

460 
1,670 
2,850 
2,450 
3,836 

745 
1,845 
1,8007 
2,100:1: 

3,650:k 
3,208 
1,315 
1,415 
2,595 
1,400? 
2,128 
3,960 
2,260 
1.200? 
3,072 
1,205 
4,850 
1,860 
250 
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Of these wells only a few have been drilled 
deep enough to give the area an adequate test. 
'The deep wells are listed below in three groups — 
(1) those which are along the belt most 
favorable structurally for the accumulation of 
oil and which have obtained oil (2) one which 
has been drilled along this same belt but did not 
obtain oil, and (3) those which are not in the 
most favorable area. None of the wells in this 
third group has obtained oil. 

Group 1 : 

SW.iaec.24, T.30S.,R.23£., AaBodated Oil Co. well 

No. 3. 
SW. Jeec. 26, T. 30 S., R. 23 E., Aaaociated Oil Co. weU 

No. 1. 
SW. ieec. 30, T. 308., R. 24 E., Aaeociated Oil Co. well 
No. 1. 
<jroup2: 

SE. i sec. 20, T. 30 S., R. 23 £., Scottish Oil Fields weU. 
Oroup 3: 

NE. I sec. 7, T. 31 S., R. 24 E., Elk Hills Oil Co. well 

No. 1. 
NW. i sec. 12, T. 31 S., R. 24 E., Midway Valley Oil- 
Co. weU No. 1. 

It is possible that Hart well No. ,1 in the 
NE. i sec. 13, T. 31 S., R. 23 E., and General 



Petroleum well No* 1, in the NW. { sec. 10, T. 
31 S., R. 24 E., should be included in the thiid 
group, but it is not certain that they were 
drilled deep enough to reach the horizon at 
which the Associated Oil wells encountered oil. 
The three wells listed above in group 1 have 
obtained considerable amoomts of oil. In the 
testimony submitted in the suit involving the 
lands in the Elk Hills patented to the Southern 
Piacific Co., the Associated Oil Co. admitted 
the following production from these wells: 

Barrels. 

Well No. 3, eec. 24, T. 30 8., B. 23 E.......1 3,602 

Well No. 1, sec. 26, T. 30 8., R. 23 E 4,074 

Well No. 1, sec. 30, T. 30 8., R. 24 E 2,265 

9,941 

In the same case other testimony was sub- 
mitted to show that the amount of oil produced 
was somewhat greater than this. 

Below are the logs and history of two of the 
Associated wells in the Elk Hills. These records 
are abstracted frbm the testimony given by 
officers of the Associated Oil Co. in the suit 
mentioned above. 



Log of Associated (HI Co.*s wdls in the Elk HiUs. 

[From daily drilling reporta.] 

Wen No. 1, AM. M. T. ao 8., R. 24 B. 



FWt. 

0- 130 

130- 162 

152- 186 

186- 230 

230- 300 

300- 315 

315- 390 

390- 415 

41&- 455 

455- 472 

472- 515 

515- 520 

520- 565 

565- 572 

572- 600 

600- 605 

605- 665 

665- 712 

712- 775 

775- 800 

800- 805 

805- 808 

808- 860 

860- 865 

865- 990 
990-1,105 
1,105-1,140 
1,140-1,150 



Started July 29, 1914. 
Suzlace. 

Brown aandy shale. 

Blue sandy shale. 

Blue sand. 

Blue sandy shale. 

Blue clay. Small amount of gas evident. 

Blue sandy shale. 344-390, small amount 

of gas evident. 

Sand. Some gas. 

Blue clay. Landed 431 feet of 16-inch S. P. 

Blue clay. 

Blue sandy Bhale. 

Sand. Cras. 

Blue sandy shale. 

Sand. 

Blue clay. * 

Hard sand rock. 

Blue clay. 

Hard rock. 

Blue clay. 

Shell. 

Blue clay. 

Shell. 

Blue clay. 

Shell. 

Blue clay. 

Blue shale. 

Blue clay. 

Blue clay. 



Landed 12Hiich at 1,129. 



Feet. 
1,150-1,208 
1,20^-1,280 
1,280-1,285 
1,285-1,290 
1,290-1,310 

1,310-1,323 



1,32^-1,412 
1,412-1,417 
1,417-1,503 
1,503-1,509 
1,509-1,726 
1,726-1,730 
1,730-1,800 
1,80(^1,849 
1,849-1,853 
1,853-1,868 
1,868-1,880 
1,880-1,989 
1,989-2,002 
2,002-2,005 
2,005-2,023 
2,023-2,066 
2,066-2,100 
2,100-2,125 
2,125-2,200 



Blue shale. 

Blue clay. 

Blue shale. 

SheU. 

Blue shale. Lost bailer, tried to drill up; 
finally shot it. 

Blue shale and iron. Pulled 10 inches and 
rigged up for rotary at 1,323. Took from 
December 11, 1910, to March 25, 1911, to 
get ready for starting with rotary. 

Blue shale. 

Rock. 

Blue clay. 

Rock. 

Blue shale. , 

Blue clay. 

Blue shale. 

Blue clay. 

Shell. 

Blue shale. 

Blue clav. 

Blue shale. 

Blue clay. 

Shell. 

Blue clay. 

Clay and boulders. 

Sand rock. 

Blue shale. 

Shale and boulders. 
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Feet. 
2,200-2,275 
2,275-2,280 
2,280-2,300 
2,300-2,338 
2,338-2,340 
2,340-2,390 
2,390-2,408 
2,40^2,416 
2,416-2,423 
2,423-2,426 

2,420-2,440 
2,440-2,452 
2,452-2,458 
2,45a-2,465 
2,465-2,470 
2,470-2,471 
2,471-2,508 
2,508-2,580 



2,580-2,635 
2,635-2,640 
2,640-2,710 



Blue day. 

Hard shale. 

Blue shale. 

Hard blue shale. 

Blue clay. 

Hard blue shale. 

Hard sand shell. 

Hard blue clay. 

Blue clay. 

Hard brown shale and sea shells. Must be 
blue shale. 

Hard brown shale. 

Blue shale. 

Sand shell. 

Brown shale. 

Blue shale. 

Hard sandy shale showing light oil and gas. 

Blue shale. 

Hard blue shale. Very gritty, 2,520-2,529. 
At 2,580 reduced size of hole from 12} to 8 
inches to test ahead for any oil or water 
before setting 8*inch casing for water shut 
off. 

Ulue shale. 

Hard blue/shale. 

Soft blue shale and . Good 



showing of oil. Eight-inch casing landed 
at 2,711 on what might be termed cap rock . 
2,710-2,711 Sand shell. 



Feet. 
2,711-2,713 



2,713-2,722 
2,72^2,810 
2,810-2,819 
2,819-3,058 
3,058-3,147 
3,147-3,151 
3,151-3,234 
3,234-3,244 
3,244-3,384 
3,384-3.386 
3,380-3.572 
3,572-3,583 
3,583-3,705 
3,705^,720 
3,720-3,836 






Hard oil sand showing lots of oil, light in 
gravity. 

In starting to wash mud out of hole, the hole 
was found to be over one-half full of solid 
oil. Well made so much gas that it is not. 
advisable to complete washing or drilling 
further until lines installed to take care of 
production. Washed and then resumed 
work with 4-inch drill. 

Oil sand. 

Blue shale. 

Soft sandy shale. 

Shale, showing some oil. 

Blue shale. 

Shell. 

Blue shale. 

SheU. 

Sandy shale. 

Shell. 

Blue shale. 

Sandy shale. 

Blue shale. 8f-inch at 2,711. 

Rock. 

Blue shale. 6^inch at 3,836. 

Water bailed to 2,100 from surface; after test 
of 24 hours no water enters hole. Flowing 
20 barrels per day between 6-inch and 8- 
inch casings. Well perforated, 3,470 U> 
2,730, three holes per foot; 2,730 to 2,690, 
four holes per foot. 



HI8TORT OF WBLL. 



Jan. 22, 1912. Well on pump at 236. Pumped water for three hours; then turned to oil. Showed production at 
rate of 350 barrels for 18 hours; no water, 9 per cent B. S. 

Jan. 23. Production at rate of 350 barrels. Gravity, 26.4; 4/10 water, 2.2 B. S. 



Date. 


Oil (barrels). 


Gravity. 


B. S. 

(per cent). 


Water 
(per cent). 


Remarks. 


1912. 
Jan. 24 


• 

400 firaee 


24.5 


6 


2.1 




25 




Rods parted. 

On pump at 11 p. m. 


26 










27 


400 


25 






28 








Pulled tubing, on pump at midnight. 


.29 


212 rate 


25 
25 
25 






30 


90 








31 


100 








Feb. 1 








Rods parted. 
On pump 5 p. m. 


2 


300 rate 


25 

25 

25 

25 

25 

22.6 

22.6 

22.6 






3 


72 






4 


72 








5 


53 








6 


53 








7 


60 








8 


50 


- 






9 


50 






• 


10-15 








Swabbing and sand pumping. 
Perforation 2,800-2,650. Swabbed^ 

etc. 
To get oil to flood well. 


10-28 










29 


120 








Mar. 1 


75 








2 


50 










3 


50 








• 


4 


50 










5 










Flooded well with 250 barrels of oil. 












Pressure ran up to 180 pounds. 
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HISTORY OF WELL— continued. 



Dat^. 


OU (barrelfl). 


Gravity. 


B. S. 

(per cent). 


Water 
(per cent). 


Remarks. 


1012. 
Mar. 6 


200 








Well no better than before flooding. 


7 










Put in new pump. 
Do, 


8 










9 










Do. 


10 


100 rate 






•••••••••• 




11 


60 








Pulling rods, etc. 
Do. 

Showed 10 per cent water. 
Rodsparted. 
Do. 


12 










13 


50 








14 










1&-17 










18 


150 rate for 12 houzB 








19 


60 








20 










21 










22 


50 










23 


45 










24 


45 










25 


45 










26 


45 










27 


45 










28 


35 










29 


45 










30 


40 










31 


40 










Apr. 1 
2 


40... 


' 








40 










3 


40 


' 26 


4A 


A 




4 


40... 




5 


40 










6 


35 










7 










Rodsparted. 
Idle. 


8-18 










19 










On pump at 3 p. m. 


20 


40 








21 


30 










22 


30 










23 


35 










24 


25 










25 


25 


• 








Apr. 26- 
May 3 
Blay 4 
5 


^25 bairela oil per day DuxDDed. . . . 










25 barrelfloil and water 








• 


do 










6 


20 barrels oil and water 










7 


16 bairelsoil and water 










8 


15 banelfloiland water 










9 


20 barrels oil and water 










10 


.  • • ado* ...■>.....•••••••••.••••« 










11 


25 






10 
10 




12 


20 








13-26 




1 






Rods parted, idle. 


27 


30 






••...•••.• 


28 


30 










29 


20 










90 


90 






Some. 




31 


20 








June 1 


10 








Rodsparted. 
Do. 


2 










8 


30 










4 


30 




> 






5-8 










Idle. 


9 


20 










10 










Put on pump. 


11 


30 








12 


30 










13 


20 










14 


20 










15 


20 










June 16- 


I 


% 






Rods parted. 

Put on pump; pumping water. 


Julv 12 
Julv 13 


f 








14 


30 






50 
50 


15 


20 
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HI8T0BT OF WBLL — Continued. 



Date. 


Oil (barrels). 


Gravity. 


B. S. 
(per cent). 


Water 
(per cent). 


, Remarks. 


1912. 
July 16 


30 






50 
90 
60 




17 


35 








18 


40 








19 








Placed on pump. 


20 


35 






25 


21-25 








Rods parted. 


26 


50.... 








50 
fl20 
olO 
a 10 

09 
31 
a 12 

«10 
a 12 


27 


2iO 








28 


30 


« 








29 


20 








30 


27 








31 


34 








Aug. 1 
2 


14 








15 








3 


14 








4 








Rods parted. Off production and 
shut down on Aug. 23, 1912. 













• Banwb. 



WeD N«. 1. 



at, T. M S., B. 21 E. (rataf7). 



Feet. 

0-1,086 
1,086-1,095 
1,095-1,657 
1,657-1,673 
1,673-2,090 
2,090-2,094 
2,094-2,162 
2,162-2,210 
2,210-2,235 
2,235-2,285 
2,285-2,432 
2,432-2,548 
2,548-2,562 
2,56^-2,590 
2,590-2,800 
2,800-2,802 
2,802-2,811 
2,811-2,813 
2,813-2,875 
2,875-3,060 
3,060-3,052 
3,052-3,138 
3,138-3,143 
3,143-3,145 
3,145-3,175 



3,177-3,226 
3,226-3,241 
3,241-3,243 
3,243-3,259 
3,25^-3,263 
3,263-3,268 
3,268-3,280 
3,280-3,342 
3,342-3,360 
3,36(^,361 
3,361-3,387 
3,387-3,407 
3,407-3,408 



Surface, ahale, rock, boulders, etc. 

Shale; some gas. 

Shale, gumbo, rock, etc. 10-inch, at 1,657. 

Rock. 

Shale and gumbo. 

Rock. 

Gumbo. 

Shale, with sea shells. 

Rock. 

Gumbo. 

Blue shale and sea shells. 

Brown shale and sea shells. 

Gumbo. 

Hard shale and rock. 

Shale and gumbo. 

Rock. 

Gumbo. 6|-inch casing, at 2,811. 

Gumbo. 

Sandy shale. 

Shale and gumbo. 

Rock. 

Shale and gumbo. 

Shale. 

Rock. 

Shale and gumbo. Rigging up for Standard 
tools. 4i-inch casing set at 3,168. 220 feet 
of 4^inch perforated. Put rotary back. 

Blue shale and gumbo. 

Hard shale. 

SheU. 

Soft blue shale. 

Hard rock. 

Blue shale and gumbo. 

Hard blue shale. 

Soft blue shale and gumbo. 

Shale and shell. 

Rock. 

Hard blue shale. 

^ndy shale. 

Hard rock. 



Feet. 
3,408-3,414 Hard blue shale. 
3,414-3,548 Shale and gumbo. 

After washing nfud out of hole and washing 
oil formation at 3,342-3,485 with drill 
pipe, pulled drill pipe out of hole. As 
last of pipe came out of hole gaa blew 
nearly all water out, standing at 30 fee 
abovo derrick. Hole bridged at 2,640. 
White bridge in well. Flowed twice of its 
own accord and once from agitation with 
bailer, probably 2 or 3 barrels each time. 
Set 3-inch line pipe, 3,104-3,548. Perfo- 
rated it up to 3,303. 

BI8TOBT OF WBLL. 

March 25, 1911. Well pumped some water, also flowed. 

Produced about 75 barrels oil. 
March 29. Tried to put on air. Production 10 a. m. 

March 29 to 7 a. m. March 31 was 90 barrels oil, 9 

barrels water. 
March 31. Well on air at 3,051 feet. Production, 20 

barrels day of oil, no water. 
Cut 4)-inch pipe at 2,880. Left casing in hole: 4)-inch, 

2,837-3,168; 3-inch, 3,104-3,548. 

REDRILUNO AND DBBPSNYNG. 

On redrill a show of oil is noted at 3,140. [Record of re- 
drill to 3,548 feet not copied.] 

3,560-3,571 Blue shale and shells. 

3,571-3,575 Shale and gumbo. 4]-inch casing, at 3,571. 

3,575-3,580 Blue shale. 

3,o80-3,593 Blue shale showing heavy oil. 

3,593-3,596 Compact sand . 

3,596-3,609 Hard shale and gumbo. 

3,609-^,615 Soft blue idiale. 

3,615-3,619 Hard blue shale. 

3,619-3,622 Gumbo. 

3,622-3,637 Hard blue shale. 

3,637-3,642 Soft blue «ihale. 

3,642-3,651 Hard blue shale. 

3,651-3,657 Soft blue shale. 

3,657-3,664 Hard blue shale. 
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Feet. 
3,664-3,666 Hard sand. Very light trace of oil all through 

3,657-5,686. 
3,666-3,686 Hard blue shale. Also in aoft shale 3,609- 

3657. 
3,686-3,708 Hard blue shale. 
3,708-3,724 Shale and hard sand. 
. 3,724-3,725 Shale and hard sand, showing oil. 
Shell. 
3,746 Hard blue shale. 
3,740-3,806 Firm blue shale, showing all light oil. 
3,806-3,848 Hard blue shale; shows oil. 
3,848-3,850 Sand rock. 
3,850-3,857 Blue shale. 
3,857-3,858 Blue shale, showing oil and more gas than it 

has ever shown. 
3,858-3,859 Hard shale, showing gas. 
3,859-3,860 Hard sand shell, showing gas and oil. 
3,860-3,865 Oil sand; shows up good light oil. 
3,865-3,918 Oil sand; shows good. 
3,918-3,919 Hard shale. 
3,919-3,971 Oil sand. 
3,971-3,974 Sand shell. 
3,974-3,996 Oil sand. 
3,99&-4,000 Hard blue shale; showed oil sand and could 

only be distinguished by drilling. 
4,000^,030 Oil sand. 

At 4,030 encountered hard formation which 

could not be recognized on account of large 

quantity of sand running in from above. 
4}-inch casing at 3,572. 3-inch perforated liner at 4,000 
feet. Top of liner at 3,498. 



1911. 

July 30. Pumped 

31. Pumped 

Aug. 1. Pumped 

2. Pumped 

3. Pumped 

4. Pumped 

5. Pumped 

6. Pumped 

7. Pumped 

8. Pumped 

9. Pumped 

10. Pumped 

11. Pumped 

12. Pumped 

13. Pumped 

14. Pumped 

15. Pumped 

16. Pumped 

17. Pumped 

18. Pumped 

19. Pumped 

20. Pumped 
Shut down. 



24 barrels 
21 barrels 
27 barrels 

23 barrels 
18 barrels 

24 barrels 

21 barrels 
20 barrels 
20 barrels 

25 barrels 
20 barrels 

22 barrels 
20 barrels 
22 barrels 
22 barrels 
22 barrels 
20 barrels 
20 barrels 
20 barrels 
20 barrels 
20 barrels 
20 barrels 



9 barrels water. 
3 barrels water. 

3 barrels water. 

4 barrels water. 

5 barrels water. 
5 barrels water. 
4 barrels water. 
4 barrels water. 
4 barrels water. 
4 barrels water. 
4 barrels water. 
4 barrels water. 

3 barrels water. 36® Baum^. 

4 barrels water. 
4 barrels water. 
4 barrels water. 
4 barrels water. 
4 barrels water. 
1 barrel water. 
3 barrels water. 

3 barrels water. 

4 barrels water. 



W«a No. a, MC 24, T. so S.. B. 2S E. 



July 31, 



Aug. 1. 

Aug. 2. 

Aug. 3. 

Aug. 4. 
Aug. 8. 
Aug. 24. 
Aug. 27. 
Aug. 28. 

1911. 
July 16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 



HI8TORT OF WELL. 

1911. Put on air at 2,500 feet; first 830 pounds, 
then dropped to 350 pounds. 
Produced 50 barrels of emulsion between 
5 p. m. and 4 a. m. 
Made 70 barrels in 36 hours. Appears to be no 

saltwater. 
In last 55 hours well made 100 barrels, 50 per cent 

oil, 50 per cent water. 
In last 79 hours, 56 barrels oil, 53 barrels water. 

Air at 3,410 feet. 
In last 24 hours, 10 barrels oil, 9 barrels water. 
Salt water appears. 

Perforated, 4)-inch casing, 3,475-3,330. 
Well flowed 30 barrels. 
Well on pump. 

[Telegrams to Bell & Henderson.) 



Pumi>ed 30baRelB 
Pumped 35 barrels 
Pumped 40 banels 
No report. 
Pumped 30 barrels 
Pumped 30 barrels 
Pumped 23 barrels 
Pumped 30 barrels 
Pumped 20 barrels 
Pumped 23 barrels 
Pumped 30 barrels 
Pumped 23 barrels 
Pumped 28 barrels 
Pumped 26 barrels 



50 per cent water. 
90 per cent water. 
50 per cent water. 

40 per cent water. 
10 per cent water. 
20 per cent water. 
10 per cent water. 
5 per cent water. 
10 per cent water. 
5 per cent water. 
7 barrels water. 
4 barrels water. 
4 barrels water. 



[Tetegranu.! 
1912. 

Mar. 28. Rigging up to perforate. 

29-Apr. 12. Perforated 3,700-2,500. 
Apr. lS-18. Pumping water and a little oU. 

19. Pumped dry to 2,000. Produced 30 barrelfl oil 
in first 36 hours. 

20-28. Bailing, etc. 

29. Started on pump 4 p. m. Pumped 30 bazrels 

oil and water. 

30. After pumping 30 hours well pumped dry to 

depth of 2,500 feet, during which tiJDoe pumped 
15 barrels oil, 45 barrels water. 
May 1. Pumped dry to 2,500 feet. 

2. Pumped head off ^ four hours. Made 25 bamis 

(5 oil, 20 water). 

3. Pumped 25 barrels, 3 oil, rest water. 

4. Pumped 25 barrels, 3 oil, 37 water. 

5. Pumped 25 barrels, 3 oil, 27 water. 

6. Pumped 16 barrels oil and water. 

7. Pumped 15 barrels oil and water. 

8. Pumped 12 barrels, practically all water. 

9. Pumped 12 barrels, principally water. 
10. Pumped 12 barrels, principally water. 
11-23. Perforated 3,100-2,500. 

24. Put on pump at 2,500. 

25. 25 barrels oil, 100 barrels water. 
26, 27. Rods parted, etc. 

28. Pumped 25 barrels oil, 100 barrels water. 

29. Pumped 50 barrels oil. 

30. Pumped 60 barrels oil, some water. 

31. Pumped 40 barrels oil, 50 barrels water. 
June 1 . Pumped 40 barrels oil , 20 barrels water and shale. 

2. Pumped 45 barrels oil, 25 barrels mud, 10 water. 

3. Pumped 50 barrels oil, water, and mud. 

4. Pumped90barrelsoil,10M.andB.S.inninehouiB. 

« Shows great improvement. 

5. Pumpedl90barrelsoil,10M.andB.S.in24houi8. 

6. Pumped 125 barrels net, no trace of water. 



ABEAS ADJACENT TO SUNSET-MIDWAY FIELD. 



169 



ClettDing out bridge. 



1912. 
June 7. Pumped 105 bairelB oO, aome water. 

8. Pumped 115 barrels, practically pure oil. Grav- 

ity 21.8**, 9/10 water, 2/10 B. S. 

9. Pumped 175 barrels pure oil ; shows quantity gas. 

10. Pumped 120 barrels; lots of gas. 

11. Pulled to put on tight gas head. 

12. Well flowed almost continuously while pulling 

tubing to put on tight gas head between 8 
inches and 6 inches. Started flowing between 
casings. At present is making 800 or 900 bar- 
rels; may not keep up at this rate. 

13. Stopped flowing. Putting on pump. Gravity 

19.7^; 0.3 per cent water, 13 per cent B. S. 

14. Flowed 250 barrels through 6}-inch casing. 

Reduced to. 2-inch outlet. 

15. Flowed 300 barrels through 6-inch casing. 

16. Flowing through 6-inch casing spasmodically. 

Produced at lowest figures 750 barrels oil. 

17. Flowed 325 steadily. 

18. Flowed steadily 225; agitated by bailer. 

19. Flowed 200. Hole bridged at 2,940. 

20. Flowed 200. 

21. Flowed 175^ 

22. Flowed 150 

23. Flowed 150 

24. Flowed 150 

25. Flowed 150 

26. Flowed 125^ 

27. Flowed 100. 

28. Flowed 100. 
29-July 11. Washing, etc. 

July 12. Placed on pump. Flowing about 350 barrels per 
day through tubing. As yet has not made all 
oil that was put into wash hole out. 

13. Stopped flowing. 

14. Started flowing; made about 350 barrels. 

15. Sand at 2,500. Flowed 76 barrels. 

16. Flowed 75 barrels. 

17. Flowed 75 barrels. 

18. Flowed 75 barrels. Hole filled to 2,500. In 

same condition as before washing. 

19. Flowed 100 barrels. 

20. Flowed 75 barrels. Filled with sand. 

21. Filled with oil to dean out. 

22. Flowed 75 barrels. 
July 23-Aug. 7. Cleaning out. 
Aug. 8. Lost string small tools. 

11. Well flowed 100 barrels per 24 hours. 

12. Flowing 100 barrels oil, 3,000,000 cubic feet gas. 

13. Flowing 100 barrels oil, 3,000,000 cubic feet gas. 

14. Flowing 100 barrels oil, 3,000,000 cubic feet gas. 
15-20. Flowing about same as above. All this time 

fishing for lost tools. 
21-23. Shutting down. 

The well of the Scottish Oilfields Co., which 
is in the west end of the belt described above 
as structurally the most favorable for the 
accumulation of oil, did not obtain oil, al- 
though it was drilled 4^005 feet and should 
therefore have penetrated beds lying at the 
same horizon from which the oil was derived 
in the Associated Oil Go's, wells. It is worthy 



of note, however, that this well was drilled 
with rotary tools below 2,200 feet. 

The well of the Midway Valley Oil Co. in 
sec. 12, T. 31 S., R. 24 E., was drilled deep 
enough to penetrate beds at the same horizon 
as those from which the wells of the Associated 
Oil Co. obtained oil. This well, however, is 
not in the belt of most favorable structure. 

WHKKLTCB BIDOB. 

The anticline that forms Wheeler Ridge is 
the easternmost of the folds that occur in the 
foothills along the southwest side of San 
Joaquin Valley. This fold is limited on the 
west by the fault or zone of fracture that is 
believed to be the northeast end of the fault 
along Tejon Pass. East of Coaloil Canyon 
the Wheeler Ridge anticline plunges eastward, 
and it probably does not affect the Tertiary 
beds much beyond the east end of the ridge. 

The structure of Wheeler Ridge and the 
possible occqprence of oil in the rocks there 
have been described by Robert Anderson,^ and 
it is necessary here to do no more than to offer 
a slight correction to his interpretation of the 
structure, and to record the results of the 
drilling done since his visit. Those interested 
in the area and desiring a more detailed de- 
scription of it are referred to his report. 

Anderson interpreted the structure as a 
''domelike anticline that rises in the foothills 
and sinks abruptly again at the edge of the 
valley a few miles distant.'' The writer's 
interpretation of the structure is that the 
west end of the anticline does not plunge 
normally, but that west of Coaloil Canyon it 
is broken and finally ended by faults. This 
difference in interpretation is of some prac- 
tical importance, for if the fault hypothesis 
is accepted it is more easy to understand the 
occurrence of the oil seep in Coaloil Canyon. 
That seep, unlike most of those along the 
border of San Joaquin Valley, is not at the 
contact between the diatomaceous shale and 
the overlying formation, for the oil issues from 
beds that are well above the base of the late 
Tertiary gravel, sand, and clay which rest 
upon that shale. The writer believes that 
the oil has worked its way up along fractures 
which cut through these late Tertiary beds, 
and that, although the oil sand that crops out 
in Coaloil Canyon may underlie a consider- 
able area in the west end of the fold, it does 



^ U. S. QeoL Survey Bull 471, pp. 125-132^ 1912. 
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EUvatioTU ofioella in northern part of Midway oil field^-ContXDued. 





Old name or lease 
name. 


No. of 
well. 


Location. 


Eleva- 
tion (feet). 


Company. 


Quarter. 


Section. 


Township 
S. 


Range £. 


Associated Oil Co 




63 

3 

24 

33 

42 

63 

72. 

91 

93 

44 

74 

96 

1 

1 

2 

3 

4 

5 

1 

1 

2 

3 

4 

5 

7 

8 

9 

10 

11 

12 

13 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

1 

2 

3 

4 

5 

1 

1 

2 
Iw. 
21 
2 
6 
1 
1 
1 
2 
3 
1 
1 
1 
2 


SE 

Sw 

NW 

SW 

SW 

SE 

SE 

SE 


* 

22 
26 
26 
26 
26 
26 
26 
26 
26 
34 
34 
34 
19 
26 
26 
26 
26 
26 

27 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
26 
26 
26 
26 
26 
19 

26 

26 
9 
21 
27 
27 
. 21 
27 
12 
12 
12 
19 
21 
28 
28 


31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
• 31 
31 

31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 

31 

31 
81 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 


23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
22 
22 
22 
22 
22 

22 
22 
22 
22 
22 
22 
22 
22 
'22 
22 
22 
22 
22 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
22 
22 
22 
22 
22 
23 

22 

22 
22 
23 
23 
23 
22 
22 
22 
22 
22 
23 
22 
23 
23 


1,210 


Do 




992 


Do :... 




1,105 


Do 




1,049 


Do 




1,140 


Do 




1,031 


Do 




952 


Do 


948 


Do 


SE 

NW 

NE 

NE 

SW 

SW 

SW 

SW 

SW 

SW 

NW 

SE 

SE 

SE 

NW 

SE 

NW 

NW 

SE 

SE 

NW 

NW 

SE 

SW 

NE 

NW 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

SW 

SW 

SW 

SW 

SW 

SW 

SW 

sw^.. .... 

NE 

SE 

NW 

SW 

NW 

NE 

SW 

NW 

NE 

NW 

NE 

NE 

NE 


1,150 
935 


Do 




Do 




939 


Do 




1,020 


Calidon Petroleum Syndicate 




1,106 


California Star Oil Co 




1,486A 


Do 




1,481 A 
1,465A 
1,457 


Do 




Do 




Do 




1,455 


Chanslor-Canfield Midway 
Oil Co. 




1,555 A 


Do 


••••••••••^••••••••* 


1,522A 
1,454 A 


Do 




Do 




1, 473 A 


Do 




1,458A 
1, 514 A 
1,468 A 
1,484 A 
1,490 A 
1, 471 A 
1,488 A 
1, 473 A 
1,498A 
L162 


Do 




Do 




Do 




Do : 




Do 




Do '.... 




Do 




Do 




Consolidated Mutual Oil Co.. 


Mays 


^ Do * 


•'^ 


1,192 
1,183 
1,138 


Do 


do 


Do 


do 


Do 


do 


1,215 
1,204 


Do 




Do 


do 


1,133 
1,167 


Do 




Do 


do 


1,236 
1,173 


Do 


do 


Do 


do 


1,198 

1,215 

1,194 

1,495A 

1, 478 A 

1,480A 

1,484A 

1,491 A 

1,152 

1,420 A 

1,447 A 

1,530 

1,200A 

1,225A 

1,158 

1.734 


Do 


do 


Do 


do 


Dabney Oil Co 




Do :.... 




Do 




Do 




Do 




Doheny Pacific Petroleum 


Fairfield 


Co. 
El Camino Oil & Develop- 
• mentCo. 

Do 






General Petroleum Co 


Cameirie 


Kern Trading A Oil Co 




Do .". 




Do 




McKittrick Oil Land Co 


Starlieht 


Maxwell Oa Co 




1,540 
1,266 A 
1,201 A 
1, 178 A 
1.157 


Midland Oil Fields Co. (Ltd. ) 




Do 




Do 




Midway Royal Petroleum Co. 




Miley a Bmey 


Kimball & Crellin. . 


1,634 A 

1,195 

1,206 


Rec<mi Oil Co 


Do :::::::::;:::: 





ELEVATIOKS OF WEIXS IN KOSTHERK PAST OP MIDWAY FIELD. 
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Elevaiiona o/welU in northern part of Midway ml JUld--CoJi^mxeA. 





Old name or lease 
name. 


No. of 
well. 


Location. 


Eleva- 
tion (feet). 


ComiMmy. 

• 

* 

* 


Quarter. 


Section. 


Townflhip 

S. 


Range E. 


Record Oil Co 




3 
4 
1 
2 
3 
4 
5 
6 
7 
8 
9 
1 
2 
3 
4 
1 
1 
2 
3 
4 
5 
6 
7 

10 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 

2 

4 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

1 

1 

22 

23 

25 

26 

1 

2 


NE 

NE 

SW 

SW 

SW 

SW 

SW 

SW 

SW 

SW 

SW 

SE 

SE 

SE 

SE 

SW 

SW 

NW 

NE 

SE 

SW 

SE 

SW 

SW 

SW 

NW 

NE 

SE 

SW 

SW 

SE 

SW 

NW 

NW 

NW 

NW 

SW 

SW 

SW 

SW 

SW 

SW 

SW 

SW 

SW 

SW 

SW 

SW 

SW 

SW 

SW 

SW 

NE 

SE 

NE 

SE 

SW 

SE 

SE 


28 
28 
26 
26 
26 
26 
26 
26 
26 
26 
26 
16 
16 
16 
16 
17 
22 
22 
22 
22 
22 
22 
22 
22 
26 
26 
26 
26 
26 
26 
26 
26 
26 
28 
28 
28 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
18 
10 
20 
20 
20 
28 
28 
28 


31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
81 
81 
81 
31 
31 
81 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 


23 
23 
22 
22 
22 
22 
22 
22 
22 
22 
22 
23 
23 

e3 

23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
23 
22 
23 
23 
23 
23 
23 
23 


1,232 
1,261 
1,486 


Do 




Soudan Oil Co 




Do 




1,480 


Do 




1,487 A 


Do 




1, 466 A 

1,475 

1,460 


Do 




Do 




Do 




Do 




1,065 


Do 




1,453 


Standard Oil Co 




905 A 


Do 




907 A 


Do 




956 A 


Do 




1.071 A 


Do 


Burr 


1,150 


Do 




1.106 


Do 




1.064 


Do 




1.076 A 


Do 




1. 127 A 


Do 




1. 131 A 


Do 




1.055 A 


Do 




1.096 A 


Do 




1.073 


Do 




1. 153 A 


Do 




1. 179 A 


Do 




1.100 A 


Do 




1,133 A 


Do 




1, 118 A 


Do 




1,144 A 


Do 




1.066 A 


Do 




1.088 


Do 




1,174 


Do 




1,193 


Do 




1,193 


Do 




r.l75 


State Consolidated Oil Co. . . . 




1.449 A 


Do 




1, 491 A 


Do 




1.465 A 


Do 




1.455 A 


Do 




1. 472 A 


Do 




1. 482 A 


Do 




1.446 A 


Do 




1. 486 A 


Do 




1.469 A 


Do 




1.456 A 


Do ' 


1, 458 A 


Do • 1 


1. 419 A 


Do 




1. 456 A 


Do 




1.460 A 


Do 




1. 456 A 






1.151 


Do 


Shftridan 


1.416 


United Oil Co 




1.055 


Do 




1.091 


Do 




1.155 


ti~ "•* ' 

Do 1 


1 096 


Wilkes ; 


1,09* 
1.156 


Do ! 
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INDEX. 



Acmmnltitfcm of oil, lnfliwnoi» of chimrtwil and physksl propcrtlfle 

on. 9^-9 

tnHoeneeofsnlxiorbedaoii 78-«a 

Acknoiriedgnieiits for aid 19 

Addine Consottdatod Ca, loctttioii of walls of 145 

Alaska Ffoneer Co., loeatlon of wells of 110 

Albtfta Midway Go., loeatkm of walls of 94 

AllnTiom, natore of. £3 

Amorioan Oflflolds araa, gealogy and deydopmant of lO^lOO 

American Oimalds Co., flowUig wall of.... \ 06 

looattonofwaUsof. 108,138/130 

Anderson, Bobart, dt lOB 

and Faek, R. W., • I T2 

AntidlneB, fanetlon of , *he formation of oO pools. 73-76 

secondary, oonontraUon of oU not affacted by 77-78 

Antimony, oec uriau os of 23 

Areas, prodnctlTa, geology and doralopment of. 8^171 

Armstrong A Jar^ns,ai«vatloB and looatkm of walls of 171 

Arnold, Ralph, and Jotmson, E. R.,dtad 36-30,171 

Asphalt, mining of 03-04 

Asphalt reOnery, old Jewett A Blodgett, plate abowlng 61 

Associated Go., elevation of walls of 171-173 

location of wells of 89,101,103,106,110,151,154,103,171-173 

logs and history of wells of 104-109 

Associated Pipe Line Co., on line of 07 

August Co., location of wdls of 130 

August Water Co., water supplied by 08 

B. 

B. H.C. Co., location of weDs of. 128 

Babcoek Co., location of weUs of. 133 

BamnioreCo.,]ocaticnofwellsof 133 

Bsnkline Co., location of walls of 94,139 

Bsmodon area, geology and development of. 150-151 

Baniodon Co., location of waDs of 150,103 

Belgian antidln0,pn>diietiTaaands in 90 

trend of and displaeenMnt along 89 

Bibliography. 19-30 

Boston Fadflo Co., location of waDs of. 158 

Bnd Co., location of walls of , 117,123 

Bnmner, J. C, dted 30 

Brea near Maddy Creek, plate showing 40 

8e§ also Tar. 

Bnmoo Co., location of walls of 101 

Biookshire Co., location of weDs of 06,151 

Brookshire-Oem area, gedogy and dcTelopment of 06-100 

BueoaFe Co., location of wells of 123 

BaenaVtsUHiIls,*<dry''gMin 10 

oQ and gas wells in 06 

plunging fdd In, plate Showing 139 

position of. 17 

south half of, gedogy and devdopment of 158-101 

structure of 67,58,59 

Bona Vista Lake, water sopply from 08 

water wells at north end of 67 

Bofek Co., location of wells of 110 

Bmk Co., location of wells of 123 

C. 

Oalanova Co., location of wells of 150 

CaUdon Petroleum Syndicate, eleyatlon and locationof wells of. 151, 172 

CaUdon>Reoord area, geology and devdopmentot 151-154 

Galifoniia,oaitral,stnictural features of 55 

relief map of 63 

CaHfomiaCoanties Co., location of wells of 110, 117 

CsUfomia CoontieS'Continmtal area, geology and devdopment 

of 117-120 



Page. 

California Fortune antidine, podtlon of 67,60 

California Star Co., devation of wells of 172 

location of wells of 103,173 

OaUfomia Amalgamated Co., location of wel h of 130, 140, 161 

Canadian Crude Co., location of wells of 130 

Canadian Padflo Co., location of wells of no 

Carbo Co., location of wells of 129 

Caifbon Co., location of wdls of I5l 

CamMn,F. J., location of waUs of 163 

Camegle area, geology and devdopment of 88-91 

Carnegie water wdl, dl brought up by 8940 

Case Co., location of wells of. 146 

Casing corroded by water, plates showing 160 

ChandorCanfldd ICidway Co., devation of wells of 173 

bxsation of wdls of. . . 97, 06, M>1, 102, 100, 110, 114, 117, 120, 133, 133, 173 

water supplied by 07 

Chemioal nature of dl, influence of, on accumulation 83-83 

Cheney Btimson Co., location of wells of 128 

Cianaga Canyon, fault in 01,147 

ClenagasyDcline,de8cilptlanof 61 

Climate of the Add n-ig 

Coalinga Monterey area, geology and deydopment of 91-98 

CoaUnga Monterey Co., locationof wells of J 91,06 

Coast Range, structure of 55 

CohunboslCdway Co., location of wdls of no 

Combination Midway Co., location of wdls of 133, 168 

Combined Co., location of wells of 94 

Comstock Crude Co., location of wells oL I6I 

Conservation of petroleum, laws opposed to 68-69 

measures adopted for. 13.14 

Consolidated Midway Chief Co., location of wdls oL 145 

Consolidated Mutud Co., devation of wells of 173 

location of wdls of 110,161,173 

Continental ana, geology and devdopment of 1 17-130 

Corrigan Co., location of wells oL 97 

CiaMMa8Co.9looatian of walls oL i38 

D. 

Dabn^ Co., elevation and location of walls of 173 

Ditilok, erode, over a wall drilled in the ntaieties, plate showing.. 64 

and gas trap, plate showing 64 

Development of the Add, ftiture, suggestions for. See mrnra tf 
pniwcUPtareat, 

history of 63-06 

Devils Kitchen, fan Emlgdlo Canyon, plate showing 36 

seotlons of Vaqiieros formation in and near so 

Devils Kitchen syncUne, anticline separating from Pldto syncllno. 03 

description of 01-68 

Diablo Range, stmcture of 65 

Doheny Padflo-Oamegiearoa, gedogy and development of 88-01 

Dobeny Padflo Petrdenm Co., dovatlon of wdls of 173 

location of wells of 89,91,173 

Dominion Co., location of walls of 94 

Drilling, DSthods of. 10 

DunlopCp., location of wdls oL 130 

Dunlop-Becaon Twenty-flva area, gedogy and devdopment of. . 138-133 
Durango Co., location of wells of 97 

E. 

Eagle Creek Co., looation of wdls of 102,110,114 

East Midway Co. , location of wells of. 163 

Edmunds Midway Co., location of wells of 133, 136 

E 1 Camino Co., elevation of wells of 172 

k)cationofwellsof OS, lOl, 102, 161, 162, 172 

El Camino-Ploneer Midway area, geology and development of. . . 100-108 

E I Cerrito Co. , location of welb of 140 

El Dora Co., location of wdls of liQ 

175 



176 



INDEX. 



Page. 

RlevaUons of wells in northern part of Midway field 171-173 

Elk Hills, geology and development of 16^169 

position of 17 

section of Paso Robles formation in 49 

structure of 67,6»-S9 

Elk Hills Midway Co., location of welb of. 163 

Elk Hills Oil Co., location of wells of 163 

Elliott Co., location of welb of. W 

Elkhom Co., location of wells of. 120 

Empire Fuel & Gas Co., location of wells of 117 

Englneers-Coalinf^ Monterey area, geology and development of. . 91-03 

Engineers Co., location of wells of 91 

Etchegoin formation, bed filled with fossils at base of, plate show- 
ing « 

distribution and lithology of 44-47 

oilsandsln 91,93,94-95,96,98,101, 

108, 107, 111-112, 115, 117, 120-121, 
130, 134, 136, 140, 152, 155, 150, 162 

straUgmphio relations of 44 

Ethel D. Co., location of wells of 182 

F. 

Fairbanks Co. , location of wells of 123 

Fairfield Co., location of wells of. 151 

FuUts, dlstrtbution and trend of flO-61,(a-«3 

effects of, on the accumulation of oil 12^130 

structure dominated by 60-61 

Field work, record of. 1^19 

Fold, plunging, in Buena Vista Hills, plate showing 139 

Folds, Itmction of, in the formation of oil pools . . .' 72-75 

Footldlls east of Ban Emlgdio Creek, plate showing 32 

on north slope of San £ migdio Mduntains, plate showlnf; 32 

on west side of Salt Greek, plate showing 18 

Fossils, bed filled with, at base of Etbhegoin formation, plate show- 
ing 46 

oocuirenoeof 24, 25, 30, 32, 35, 3«, 41, 43, 45, 53 

O. 

O. R. well, history of. 170 

Qas, dry and wet, position of, with regard to oil 83 

formation ot 85 

utUliatianof 66 

wells yielding 160 

Oas tn^ and derrick, plate showing 64 

Oasolina, proportion of , in the oil 10 

''squeeslng ' ' of, from the gas 10 

Ganeral Petrcdeum Ca , elevation of wells of 1 72 

location of wells oL 89,91,94,98, 

110, 117, 133, 129, 133, 136, 140, 145, 151, 158, 168, 173 

General Pipe Line Co., oUllneof 67 

Geologic features, large, determining the location of the oil field 71-75 

lesser, controlling position of oil within the field 75-83 

Qeologic map of the Sunset-Midway oil field In pocket. 

Geologic sections, plates 8ho?ring In pocket. 

Geologist, petroleum, work of 14 

Geology of the field, sommaryo^ 9 

Globe anticline, description oL 9i,94 

Globe-Bear Creek area, geology and development of 93-46 

Golden Gate Ca, location of wells oL 161 

Golden West Ca,locaUon of wells of 145 

Good Roods Co., location of wells of 145 

Grains, fineness of, in relation to oil content 128 

Influence of sise, sh^te, and arrangement of, on porosity 79 

G^anlteboulderinSan Joaquin Valley, plate showing 19 

west of Fellows, plate showing 19 

Granitic rocks, nature and distrlbntion of 22 

Gravels, 'Tertiary, and Pleistocene or Recent, unconformity be- 
tween, plate showing 52 

Gravity of ofl 10,86-87 

Great Valley of California, boundaries of. 55 

Green A Hutchinson, location of wells of 163 

Griinth Co., location of wells of. 123 

"Gusher sands,'' explanations of 86 

Gypslte, occurrence of. 34 

H. 

Hale McLeod Co., location of wells oL 114,120 

Hanford Sanger Co., location of wells of 145 



P»ge. 

HartCo., location of wells of IQ 

Hawaiian area, geology and development of 106-110 

Haseltoo Crude Co., location of wells oL lis 

HlUcrestCa, location of wells of 163 

History of development of the field fl3-€6 

Hondo Co., location of wells of M 

Honolulu anticline, productive area on 158-l30,l(n 

Honolulu Consolidated Co., location of wells of 106, 110, 158, 150, 100 

sands yielding gas of 83 

water supply of 68 

I. 

Ida May Co., location of weUs of 145 

Igneous rooks. Tertiary, distribution of 53-53 

lithology of 54 

stratigraphio relations of 53-54 

Indian & Colonial Co., location of wells of 123 

J. 

J. M. S. Co., location of wella of 129 

7. M. 8. sanl, nature of 131 

production from 133 

Jade Co., location of wells of 123 

Jamison Co., loeation of wells of 123 

Jewett A Blodgett, early operations by 63-6S 

location of wells of 146 

Jewett A Blodgett asphalt refinery, plate showing 51 

Johnson, H. R., Arnold, Ralph, and, cited 35-^,171 

Johnson Co., location of wells of 145 



K. 



97 
114 
117 
163 

19 



BL A C. Co., location of wella of 

Kalispell Co., location of wells of 

Kanawha Co., location of wells of 

Kern Midway Co. , location of weUs of 

Kern Trading A Oil Co., aoknowledgment to 

elevation of wella of 172 

location of wells of 91,94, 

98, 101, 110, 114, 117, 133, 136, 140, 145, 151, 154, 158, 160, 172 

Knlokerbocker Co., location of wells of 133 

Knob Hill Co., location of wells of 123 

L. 

La Blanc Co., location of wells of 145 

Lakevlew Annex, location of wells of 161 

Lakevlew area, geology and development of 136-139 

Lakevlew No. 1 gusher, flow of. 65-66 

plateshowing 138 

Lakevlew No. 2 gusher, plate showing ISS 

flow of 06 

Lakevlew No. 2 Co., looaUon of wells of 133,136,140,161 

well No. 1 of, plate showing 139 

Lands, oil, withdrawals of 68-70 

Laws and customs injurious to the oil and gas industry 68-69 

Lentioularity of beds, disadvantage of , 79 

Lithology. See Rocks, nature of. 

Location of the field 9,15 

large geologic features determining 71-75 

Lockwood-Stratton water area, geology and development of . . . . iXy-VH 

Lockwood-Talara area, geology and development of 123-138 

Lo6 Angeles, gas pipe line to 66 

Los Lobos creek, Tejon formation on, plate showing 24 

Lowell Co., location of .wells of 145 

Luxor Co., location of wells of I5S 



M. &M.Go.,looatianofwellsof 94 

M.G.d^ P. Co., location of wells of W 

McCutoheon Co., location of wells of 145 

MoKittrick, section of Paso Robles formation near 49^ 

MbKittrick group, nature and deposition of 21-22,43-44 

oilsandsin 114,128,130,145,147,149-150,151 

relations of, to petrolemn ^ 

McKlttrlck Oil Land Co. , elevation and location of wells of 17? 

McNee*McLeod area, geology and development oL 154-lSS 

Malayan Crude Co., location of wells of 129 

Mammoth Co., location of wells of. 89,102,106,110,114 

Manhattan Midway Co., location of wells of 136 
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Page. 

Manitoba Crude Co., location of wells of 133 

Map of California, showing relief 53 

of Maricopa Flat, showing structure of oil and water sands. In pocket. 

of old Sunset oil field, showing position of oil sands 146 

ofSunset-Midway oil field, showing geologic formations. . . In pocket. 

showing geologic structure and oil zones In pocket. 

showing petix>leum withdrawals and naval petndeum 

reserves 68 

showing topography In pocket 

March Co., location of wells of 129 

Maricopa, water supply of. 68 

Maricopa Consc^dated Co., location of wells of . .' 140 

Maricc^Mt Flat, flowing wells in W 

geology and development of 140-145, 161-162 

in 1914, plate showing 64 

map showing structure of oil and water sands in In pocket. 

Maricopa Investment Co., locaticm of wells of 158 

Maricopa National Co., location of wells of. 136 

Maricopa Northern Co., location of wells of 140 

Maricopa OU News, cited *. 65 

Maricopa-Pioneer area, geology and development of 145-140 

Maricopa Producers Co., location of wells of 161 

Maricopa shale, deposition of 36-37 

distribution of 37 

general nature of 21,35-36 

in the Pleito Hills, plaie showing 33 

lith(«ogyof. 3'-«l 

oilsandsin 94,95,97,101,103,105, 

107, 114, 115-116, 117, 121, 122, 125, 1.^0-131, 137, 139, 146-146, 158, IG2 

origin of petroleum in 70-71 

relations of, to petroleum 41-12 

section of. 38 

stratlgraphic relations of 35-36 

use of term. 27-2S 

and clay shale of Etchegoin formation, unconformity between, 

plate showing 33 

Maricopa Star Co., location of wells of 140 

Marion Co., location of wells of 117, 123 

Mascot Co., location of wells of 129 

Marwell Co., elevation and location of wells of 172 

Mays Consolidated Co., location of wells of 150 

Melita Co., location of wells of 145 

Mercedes Co., location of wells of 163 

Mesocoic rodks, late, nature and distribution of. 22-23 

Midland OU Fields Co., elevation of wells of 172 

location of wells of JO, 98, 120, 140, 151 

wells 1, 2, and 3 of, sands yielding oil to 90 

Midway anticline, description of 103 

position of 57,5^-60 

productive areas on 101,106-107,114,120 

Midway Oil Co., location of wells of 136. 145 

Midway C<sisolidated area, geology and development of 110-114 

Midway Consolidated Co., location of wells of 110 

Midway Fields Co., location of wells of 140 

Midway Five Co., location of welb of 114 

Midway Gas Co., pipe line of «7 

Midway Northern Co., location of wells of 140 

Midway oU field in 1907, plate showing 16 

Midway Pacific Co., location of wells of 163 

Midway Peerless Co., location of wells of 94 

Midway Premier Co., location of welb of 114 

Midway Royal Co., elevation of wells of 172 

location of wells of 151,172 

Midway Valley Co., location of wells of. 163 

Midway Valley syncline, productive area along 110-111 

Midway View Co., location of wells of 145 

Migration of petroleum, influence affecting 72-75 

Millie Frauds Co., location of wells of 129 

Miley A Buley, elevation and location of wells of 172 

Miocene Co., location of wells of A*0 

Mocal Co., location of wells of 102 

Mocal-HawBiianana, geology and development of 106-110 

Monsoon Co., location of wells of 168 

Monterey groop, use of term 21,37 

Morgui, Wallace, cited 88-64 

Mnnier Co., location of wells of. 145 

Ifiiscatine Co., location of wells of 146 
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National Pacific Co., loc^on of wells of 117, 140 

Navy, withdrawal of oil lands for 69-70 

Nevada Pacific Oil Co., location of wells of 146 

New Center Co., location of wells of 145 

North American Consolidated Co. , location of wells of 117, 120, 

123,129,154 

North Midway field, fiowing wells in 66 

North Midway syncline, tilting of beds along 89 

Northern Exploretion Co., loration of wells of 158 

Northern Oil Co., lo?ation of wel!s of 145 

water supplied by 68 

O. 

Oakland Midway Co., location of wells of 91 

Obispo Co., location of wells of 140 

Oeciarence of petroleum, geologic lO-ll 

Oil. Sre Petroleum. 

Oil sands. See Sands, oil. 

Old Sunset, sulphur deposit at 88 

Oleum Co., lociUtion of wells of 123 

Ollg Crude Co., location of wells of iiO 

Ollgocene and Miocene rocks, divisions of 26-51 

Onlsbo Co., location of wells of 91 

Opal Co., location of wel!s of 128* 

Origin of petroleum in California 70-71 

Overproduction, stimulus to and retardment of 67-70 



Pacific Crude Co., location of wellsof. no 

property of, geologic section along east line of, plate show-* 

ing In pocket. 

Pacific Midway Co., location of wellsof. 91,140 

Padfio Petroleum Co., location of M^xUsof 140 

Pack,R. W., Anderson, Robert. and, cited 72 

Palmer Union Co., location of wellsof 123 

Parafilln Co. , location of wells of 129 

Paso Robles formation, lithology of 48-51 

oilsandsin 91,94,114,121 

sections of. 49, 50 

stratlgraphic relations of 47-48 

thicknessof 48 

Petroleum, analyses of, needed 86 

asphaltic nature of 86 

gravity of, causes of diiferenoes In 87 

range in 8G 67 

nature of. See namet of productive aretu. 

vertical movement of. 78 

Petroleiun Cento* Co., location of wells of 145 

Petroleum Midway Co. (Ltd.), location of wells of. 158 

Petroleum Syndicate, location of wellsof 133 

PetroliaCo., location of wellsof 145 

Phoenix syncline, productive area on 145 

Plerpont Co. , location o f wells of 1 29 

Pinal Dome Co., location of wellsof 94,98 

Pioneer,early drilling at 64 

section of Marioopa shale south of 38 

Ploneeranticllne, description of 61 

Vaqueros formation on 34 

Pioneer anticline area, geology and development of. 146-150t 

Ploneer-Marioopa area, geology and devetopment of .'.... 145-146 

Pioneer Midway area, geology and devefepment of 100-102 

Pioneer Midway Co. See Associated Co. 

Pioneer Midway-Midway Consolidated area, geolog>' and devel- 
opment of. 110-114 

Pipelines, gas, descriptions of. 10, 67 

oil, descriptions of. io,67 

Placer-mining law, unsuitable for oil and gas lands 68 

Pleito Creek, section of Vaqueros formation on ridge near 32 

Pleito syncline, anticline separating, from Devils Kitchen syn- 
cline 62 

Porosity, influence of, on the accumulation o.'oil 78-82 

Potter Co. , location of wells of. 94 

Potter, Reed A Taybr, location of wells of 163- 

Pesos Co. , location of wells ofL 129 

Pre-Tertiary rocks, nattveand occurrence of 20, 22-9S 
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Page. 
Pressure ia gusher wells, explanatioiis of 86 

in oil sands, cause of 83-85 

relation of , to structure 83 

Prices of oil lands 65 

Princeton Co., location of wells of 129 

Producers Guaranteed Co., location of wells of. 123 

ProduoersTransportatlon Co., oil pipeline oL 67 

Production of petroleum, record of 10,66-47 

curves showing. 66 

See alto namei ttf productive area$. 

Purpose of the report 13-15 

Pyramid Ca, location of wells of 08,101,102,133,161 

Q. 
<2uatemar7 deposits, nature and distribution of 22, 51-62 

R. 

Railroads, building of 63,64 

Record area, geology and development of. 151-154 

Record Co., elevation of wells oL 172-173 

location of wells of 151,172-173 

Recovery Co., location of wells ol ^ 106 

Redlan<is Co., location of wells oL 163 

•Belief map of California 53 

Relief olthe field. 15-17 

Heserves and withdrawals, petroleum, map showing 68 

Reservoirs, lithological requirements of. 78-82 

Result Co., location of wells ot 08 

Rex Midway Co. , location of wells of 1 50 

Rock Co., location of wells of 98 

. Rocks, nature of, influence of, on the acoumulation of oil 7g-82 

Ruby Co., location of wells of 145 

RudisillantfcltDe, displacement aloog 89 

Rudisfll-Bamodon area, geology and development of 150- 151 

8. . 

fi. K.D. Co., location of wells oL 117 

Sage-Lakeview area, geology and development oL 13&-139 

St, Helens Co., location of wells ol 158 

St. Lawrence Co., location of wells of 114 

Safe Co., location of wells of 128 

Salt Cxeek, section of Vaqueros fonnation on ridge near 32 

:San Andreas tuilt, description of 61 

San Emigdio Mountains, Etchegoin formation in. 45-46 

foothills of 170 

rocks farming central part of 20,22 

structure of 17,56,57,60-63 

-west end of , plate showing 19 

San Francisco Midway Co., location of wells of 98 

Ban Joaquin Valley, description of 15-17 

dJatomaoeous shale in 72 

Sand made by well in the Sunset oil field, plate showing 160 

Sands, oil, movement of oil into 76-77 

i>il, nature and position of io>ii 

porosity of 78-82 

position and nature oL See namet of productive areot. 

source of material fonnfaag. 80-81 

stereogram showing structure of, in sec. 36, T. 31 S., R. 

22 E 104 

water. See namet of productive areat. 

Santa MaqgMta formation, general nature ofL 21,42 

lithologyof 42-43 

« relations of, to petroleum. 48 

stratigiaphic relations of 42 

use of term. 28 

Santiago Creek, springs on, water from 68 

Vaqueros formation east of 29-32 

Vaqueros formation west of 33-33 

Sohults Co., location of wells of 158 

Scope of the report 14-15 

Scottish Oil Fields Co., location of wells of 163 

Seaboard Co., location of wells of 129 

Section Four Co., location of wells of 163 

Section Twenty-five area, geology and development of 128-133 

Section Twenty-five Co., location of wells of 129,133 

.Security Co., location of wells of 94 

Shale oil, gravity of 82 

pressure on 82 



P«e, 

Shales diatomaoeous, origin of petroleum in 70-71 

Sierra Nevada, structure of SS 

Sixteen anticline, structural relations of 158-159 

Snook Co., location of wells of 145 

Soudan Co., elevation of wells of ITS 

location of wells of ; 101,175 

Spellaoy Hill anticline, position of 57,59-60 

productive areas on 123-124,129-130,133-134 

Spreokles Co., location of wells of 140 

Standard Co., elevation of wells of 178 

flowing w^ells of 66 

gas wells of 66 

location of wells of 110, 117, 133, 135, 145, 150, L54, 158, ISO, 173 

pipelines of : 67 

water supply of 68 

Starke, E. A., on carbonate waters as an indication of oil 87 

Starlight Co., location of wells of 97 

State Consolidated Co., elevation of wells of 173 

location of wells of 97,101,102,173 

State-American Oilfields area, geology and dex-elopment^of 103-106 

Stereogram, construction of '.] 104 

Stibnite. See Antimony. • 'r 

Stockton Midway Co., location of wells of 91 

Stratigraphy of the field 20-54 

Stratton Water Co., location of vnells of 120 

water supplied by 67,68 

Stratton Water-Lookwood area, geology and development of . . . 120-12S 

"Stray" oil sands, oocurrenoe of 99 

Structure of the field 53-63 

map showing Inpnicket. 

Sulphur, deposits of. 88 

Sump filled with oil from Lakeview No. 1 gusher, October, 1910, 

plateshowlng _ 139 

Sump filled with oilfrom Miocene No. 1 well in 1914, plate stuK^ in :. 129 

Sunset Canyon, Vaqueros formation about ^^ 34 

Sunset Extension Co., location of wells of .^ ... 161 

SunsetMobawkCo., location of wells of UK^i>j . 145 

Sunset Monarch Co., location of wells of .Mo .... 145 

Sunset oil field in 1901, plateshowlng id 

in 1906, plate showing 64 

in 1914, plate showing 64 

position of oil sands in, map showing 146 

8ynclines,oilsand8in. 161 

secondary, concentration of oil not affected by 77-78 

T. 

T.W. Co., location of wells of 120 

Talara area, geology and development of 123-128 

TamalpaisCo., location of wells of. 129 

Tar, formation of. 87-88 

oocurrenoeof ... 11 

plttggingof oil reservoirs by 85 

Sea also Brea. 

Tarsands, difficulty of drilling 96 

Tejon formation, age'and correlation of 25 

basal part of, on Los Lobos Creek, plates showing 34 

nature and distribution of. 20,23-25 

relation of, to oil pools 2S-S 

section of, between Salt and Pleitocreeks 24 

stratigraphio relations of. 2S 

Telephone Hills, fault in displacement and fmcturing along ^1^ 

Tembk>r Range, description of 1' 

Etchegoin fbrmation in. 4M7 

higher parts of, possibility of oil in 179-171 

structureof 55,57-eO 

surface waters of « ^ 

Terrace deposits, nature.and distribution of ^1~^ 

Terrace deposits along San Emigdio Creek, plateshowlng - ^^ 

Terracesnear mouth of Santiago Creek, plateshowlng ., ^ 

on Los Lobos Creek, plateshowlng ^ 

Tertiary system, formations of .- 2^ 

Test Oil Co., location of wells of ?. 1* 

Thirty-five anticline, position of. 57#5W(I 

productive areas on 135, 1*^'^^ 

Thlrty-foor Hill Oil Co., location of wells of. - *^ 

Topatopa formation, occurrence of • " 

Topas Co., location of wells of ^^ 

Topographic map of the Sunset-Midway oil f^eld In pockA 
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Toronto Hldwfty Co., elevation of wells of 173 

location of wells of. 151,178 

Traders Co., location of wells oL 133 

Traffic Co., location of wells oL 120 

Traffio^StarUgfat area, geology end development of 97-48 

" Transition "sone of oil sands, position oL 77 

Transportation, means of. 15 

Tr^ie,s tru c tuni l, function of. In the formation of oil pools. 71-72 

Trojan Co., location of wells of..., 140 

"Tulare" fermation. i9M Paso Robles formation. 

TomlsadorCo., location of weUs of. 94,98 

Twenty-five Hill, area east of, geology and development of 133-136 

north end of, m|D showlag contours on bottom water sand 

and J. Mr3k 8. sand In 128 

south end of, plate showing 128 

Twenty-six sjmdine, description oL 98 

probability of oil in 97^98 

U. 

UBOonfarmlties,relation of, to accumulation of oU 75-77 

Union Ca, location of wells of 117, 123, 129, 133, 136, 140, 145, 150, 154 

United antiellne, productive area on 151,155 

United Ca,elevatlGn of wells of. 173 

location of wells or 98,103,151,173 

United Crude Ca, location of wells of 145 

Uplift of the legten, evidence of 52 

V. 

Valley Gas Ca, pipe Une ot 6r 

Vsnooover Midway Co., location of wells of 110,145 

Vancouver Paraffine on Syndicate, location of wells of 146 

VaqueitB fofxnation, lithoiogy and distribution of 29^ 

nature and relations of 20-21,28-29 

ollSBTKlBin 147-148 

origfaiofpetroleamin 70 

rel'^^'ni of, to petroleum. 34-35 

9f of. 4 30,32 

26-27 
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Vertical movement of oil, evidence of. 78 

Victor Co., location of wells of 129 

Visalia Midway Co., location of wells of 106 

Visslia NonassesBable Co., location of wells of. 117,123 

W. 

W.T. AM. Co., location of wells of 128 

Wagynnch, domestic water supply ftom 68 

Water, bofler and drilling, suppl ies of 68 

difficulty of excluding, from dl wells 93,95 

mineralized, action of, on petroleum 82, 87-88 

Water sands, bottom, poBitlon of, plates showing 92,128 

Water supply of the field 67-48 

Watts, W. L., cited 64 

Well, flowing, being brought in, plate showtaig 138 

Wells, elevations of, in northern pert of Midway field 171-173 

numberof 10 

West Side Co. , location of wells of 128 

Western Minerals Co. , location of wells of. 146 

water supply of 68 

Western Water Co. , water supplied by 67 

Wheeler Ridge, formations in 51 

geology and development of 169-170 

Wheeler Ridge anticUne, desertption of. 61,62 

WUbert Co., location of wells of 123,129 

Wilkes, elevation and location of wells of 173 

Wilkes-Head Co., location of wells of 1 10 

Withdrawals of oil lands, effects of 68, 70 

map showing 68 

need for 68-«> 

V. 
Vollowstone Co., locaticm of wells of 145 

Z. 
Zones, oil, map showing position of tops of In pocket. 
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